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SYNTHETIC ANTIMALARIALS OF POLYNUCLEAR HETERO-
CYCLES CONTAINING OXYGEN AND SULFUR1 
SouREN AvAKIAN 
From the Department of Chemistry, Iowa State College 
A series of dibenzofuran and dibenzothiophene derivatives contain-
ing y-diethylaminopropylamino side chains was prepared and submitted 
for antimalarial tests. 
DIBENZOFURAN 
By a modification of the procedure of Young, a 60.1 % yield of 4,6-di-
iododibenzofuran was obtained from 4,6-disodiodibenzofuran. Amination 
of 4,6-diiododibenzofuran did not proceed normally to give 4,6-diaminodi-
benzofuran. Amination with sodamide in liquid ammonia gave 3-amino-
6-iododibenzofuran, melting at 143-144°, and a small amount of diamino-
dibenzofuran, assumed to be 3,6-diaminodibenzofuran, melting at 154-155°. 
Catalytic deiodination of the former compound gave 3-aminodibenzofuran 
(mixed melting point) and deamination through the diazo reaction gave 
3-iododibenzofuran (mixed melting point). 3-Acetamino-6-iododibenzo-
furan, melting at 268-269°, and 3,6-diacetaminodibenzofuran, melting at 
321-322°, were obtained by acetylating the corresponding amines with 
acetic anhydride. Amination of the 4,6-diiododibenzofuran with sodamide 
in liquid ammonia and ether gave 3-aminodibenzofuran. Amination with 
ammonium hydroxide and cuprous bromide gave 4-aminodibenzofuran 
(mixed melting point). 
Alkaline hydrolysis of 4,6-diiododibenzofuran gave 4,6-dihydroxydi-
benzofuran melting at 203-204°. The same product was also obtained, in 
much lower yields, by oxidation of 4,6-dilithiodibenzofuran. Methylation 
of 4,6-dihydroxydibenzofuran gave 4,6-dimethoxydibenzofuran melting 
at 128-129°. Both compounds have previously been prepared from 4-
hydroxy-6-methoxydibenzofuran. 
Diazotization and hydrolysis of 2-nitro-3-aminodibenzofuran gave 
2-nitro-3-hydroxydibenzofuran melting at 162-163°. 2-Nitro-3-aminodi-
benzofuran was diazotized and the diazonium group replaced with iodine 
to give 2-nitro-3-iododibenzofuran melting at 189-189.5°. Condensation of 
the 2-nitro-3-iododibenzofuran with acetyl-p-anisidine, followed by hy-
drolysis, gave 2-nitro-3-dibenzofuryl-4'-methoxyphenylamine melting at 
173-174°. Nitration of 2-methoxydibenzofuran gave 2-methoxy-3-nitro-
dibenzofuran melting at 186-186.5°. The 2-methoxy-3-aminodibenzofuran 
obtained through reduction of the above compound, melted at 92-92.5°. 
Diazotization and replacement of the diazonium group with bromine gave 
the known 2-methoxy-3-bromodibenzofuran melting at 172°. Nitration of 
3,4-dimethoxydibenzofuran gave 1-nitro-3,4-dimethoxydibenzofuran melt-
'Doctoral thesis No. 761, submitted August 23, 1944. 
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ing at 146-147°. Reduction with stannous chloride and hydrochloric acid 
gave the corresponding amine (mixed melting point). 1-Amino-2-methoxy-
dibenzo£uran, melting at 92.5°, was prepared by reacting the Grignard 
reagent from 1-bromo-2-methoxydibenzofuran with a-methylhydoxyl-
amine. An unsuccessful attempt was made to prepare the 1-amino-2-
methoxydibenzo£uran through amination of 1-bromo-2-methoxydibenzo-
furan. 
4-Dibenzofuryllithium reacted with iodine to give the known 4-
iododibenzo£uran melting at 72-73°. An unsuccessful attempt was made 
to condense the above product with 1-diethylamino-4-aminopentane. 
2-Iododibenzofuran also failed to condense with 1-diethylamino-4-aillino-
pentane. 
The following compounds were prepared by condensing the corre-
sponding amino derivatives with y-diethylaminopropyl chloride hydro-
chloride or y-diethy laminopropy 1 chloride: 3-y-diethy laminopropy lamino-
6-iododibenzofuran; b.p. 290-295° / 0.5 mm.; 3-y-diethylaminopropylamino-
dibenzofuran, b.p. 260-261° / 0.5 mm.; 2-bromo-3-y-diethylaminopropyl-
aminodibenzofuran, b.p. 190- 195° / less than 0.5 mm.; 2,7-bis-(y-diethyl-
aminopropylamino)-dibenzofuran, b.p. 285-290° / 0.1 mm.; 2,8-bis-(y-
diethylaminopropylamino) dibenzofuran, b .p. 240-245° / 0.1 mm.; 
2-y-diethylaminopropylaminodibenzofuran, b.p., 185-190° / 2 mm.; 2-y-di-
ethylaminopropylamino-3-bromodibenzofuran, b.p. 200-210° / less than 
0.5 mm.; 2-methoxy-3-y-diethylaminopropylaminodibenzofuran, b.p., 210-
2130 / 1.0 mm.; 1-y-diethylaminopropylamino-2-methoxydibenzofuran, b.p., 
205-207° / 0.1 mm.; 4-y-diethylaminopropylaminodibenzofuran, b .p., 210-
213 ° / 0.5 mm. ; l-bromo-4-y-diethylaminopropy laminodibenzofuran, b.p. 
212-215 ° / 0.1-0.05 mm.; 1-y-diethy laminopropy lamino-4-methoxydibenzo-
furan, b.p., 211-215° / 0.1 mm.; 1-bromo-3-y-diethylaminopropylamino-4-
methoxydibenzofuran, b .p. 245-250° / 0.1 mm.; 3-y-diethylaminopropyl-
amino-4-methoxydibenzofuran, b.p., 231-234 ° / 0.3 mm.; l-y-diethylamino-
propylamino-3,4-dimethoxydibenzofuran, b.p., 240-243° / 0.1 mm. 
DIBENZOTHIOPHENE 
Bromination of 2-acetaminodibenzothiophene gave 2-acetamino-3-
bromodibenzothiophene melting at 199-200°. Hydrolysis of this bromo-
acetamino compound gave 2-amino-3-bromodibenzothiophene melting at 
135-135.5°. Deamination through the diazo reaction followed by oxida-
tion gave 3-bromodibenzothiophene-5-dioxide (mixed melting point). 
Chlorination of the 2-acetaminodibenzothiophene with sulfuryl chloride 
gave a chloro-acetamino compound (m.p. 199.5-200°) , which by analogy 
with a bromination of 2-acetaminodibenzothiophene, was assumed to be 
2-acetamino-3-chlorodibenzothiophene. Hydrolysis of the above compound 
gave 2-amino-3-chlorodibenzothiophene melting at 118-119°. 
a-Methylhydroxylamine reacted with 4-lithiodibenzothiophene to 
give 4-aminodibenzothiophene melting at 110° (mixed melting point). 
This compound has been prepared previously in somewhat lower yields 
from 4-hydroxydibenzothiophene and 4-bromodibenzothiophene. 
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Nitration of 4-methoxydibenzothiophene gave 1-nitro-4-methoxydi-
benzothiophene melting at 161-162°. Reduction of the crude nitration 
product (m.p. 159-161°) gave 1-amino-4-methoxydibenzothiophene, melt-
ing at 101-102°, in addition to a small amount of another amino compound 
melting at 132-133°. By analogy with the nitration of 4-methoxydibenzo-
furan, which gives only 1-nitro-4-methoxydibenzofuran, it was assumed 
that the main product was 1-amino-4-methoxydibenzothiophene and that 
the smaller fraction was 3-amino-4-methoxydibenzothiophene. 
The following compounds were prepared by condensing the corre-
sponding amino derivatives with y-diethylaminopropyl chloride hydro-
chloride: 2-y-diethylaminopropylaminodibenzothiophene, b.p. 280-282° / 
2.0 mm.; 2-y-diethylaminopropylamino-3-bromodibenzothiophene, b.p. 
27 5-280 ° / 0.5 mm.; 2-y-diethy laminopropy lamino-3-chlorodibenzothio-
phene, b.p., 215-220° / 0.1 mm.; 4-y-diethylaminopropylaminodibenzothio-
phene, b.p., 210- 213° / 0.1 mm.; 1-bromo-4-y-diethylaminopropylaminodi-
benzothiophene, b.p., 263- 266° / 0.3 mm.; l-y-diethylamino-4-methoxydi-
benzothiophene, b .p., 251-254 ° / 0.15 mm. 
FURTHER STUDIES ON THE BRIDGING OF THE 
1- AND 9-POSITIONS OF DIBENZOFURAN 
The following investigation was undertaken with the hope of obtain-
ing dibenzofuran derivatives with the 1- and 9-positions bridged. It is 
believed that such compounds will have greater promise as pharmaceu-
ticals than the corresponding open type derivatives. 
A Friedel-Crafts r eaction of succinic anhydride with 4-methoxydi-
benzofuran gave ~- ( 4-methoxy-1-dibenzofuroyl)-propionic acid melting 
at 224-225° (oxidation gave the known 4-methoxy-1-dibenzofurancar-
boxylic acid). Clemmensen reduction of this compound gave y- (4-
methoxy-1-dibenzofuryl) butyric acid melting at 165°. Cyclization of 
this acid was accomplished with 88% sulfuric acid, the product being 
either 1,2,3,4-tetrahydro-6-methoxy-4-oxobenzo [b] naphtho [1,2-d]furan or 
1,2,3,4-tetrahydro-7-methoxy-l-oxocycloocta [ klm] dibenzofuran (m.p. 
165°). The oxime melted at 196-197°. Oxidation of the cyclic ketone fol-
lowed by esterification gave a dicarbomethoxy-4-methoxydibenzofuran 
(m.p., 174-175°) which was not identical with the di-ester (m.p., 165-
1660) obtained from l,2-dibromo-4-methoxydibenzofuran (m.p., 127-128°) 
through halogen-metal interconversion, carbonation and esterification. 
The 1-2-dibromo-4-methoxydibenzofuran was prepared as follows: two 
equivalents of 2-bromodibenzofuran were treated with one equivalent of 
butyllithium, the resulting 2-bromo-4-dibenzofuryllithium oxidized to 2-
bromo-4-hydroxydibenzofuran (m.p., 154-155°), the hydroxy compound 
converted to 2-bromo-4-methoxydibenzofuran (m.p., 106-107°), and then 
brominated to give 1,2-dibromo-4-methoxydibenzofuran. This compound 
was assumed to be 1,2-dibromo-4-methoxydibenzofuran by analogy with 
the succinoylation of 2-bromo-4-methoxydibenzofuran which gives ~-(4-
methoxy-2-bromo-1-dibenzofuroy 1) propionic acid [catalytic debromina-
tion gave the known ~- (4-methoxy-1-dibenzofuroyl)-propionic acid and 
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Clemmensen reduction the known y-(4-methoxy-l-dibenzofuryl) butyric 
acid]. Nitration of y- ( 4-methoxy-1-dibenzofuryl) butyric acid gave y- ( 4-
methoxy-3-nitro-l-dibenzofuryl) butyric acid melting at 169-170°. Oxida-
tion, followed by decarboxylation, gave the known 3-nitro-4-hydroxydi-
benzofuran. 
In the same manner, 4,6-dimethoxydibenzofuran was succinoylated to 
give ~- ( 4,6-dimethoxy-l-dibenzofuroyl) propionic acid melting at 241-242° 
(oxidation of this product gave the known 4,6-dimethoxy-l-dibenzofuran-
carboxylic acid). Reduction by the Clemmensen method gave y-(4,6-
dimethoxy-1-dibenzofuryl)-butyric acid melting at 197-198°. The action 
of phosphorus pentachloride followed by anhydrous stannic chloride on 
the above acid gave a cyclic ketone melting at 238-239°. This is either 
1,2,3,4-tetrahydro-6,8-dimethoxy-4-oxobenzo [b ]naphtha [ 1,2-d ]furan or 
1,2,3,4-tetrahydro-7 ,9-dimethoxy-1-oxocycloocta [klm] dibenzofuran. The 
oxidation product of this_ ketone could not be purified. The oxime melted 
at 265°. Succinoylation of 1-bromo-4,6-dimethoxydibenzofuran gave ~-(1-
bromo-4,6-dimethoxy-9-dibenzofuroyl) propionic acid melting at 188-189°. 
Catalytic debromination gave ~- ( 4,6-dimethoxy-l-dibenzofuroyl)-pro-
pionic acid (mixed melting point). Recent work has indicated the possi-
bility that the above succinoylation may have involved positions other 
than the 9-position. ·This has been discussed. 
NUTRITIONAL STATUS OF IOWA STATE COLLEGE WOMEN 
VIII. ENERGY, NITROGEN AND CALCIUM EXCHANGE 
DURING WEIGHT REDUCTION1 
EDNA GENEVIEVE BROWN 
From the Department of Foods and Nutrition, Iowa State College 
Eight healthy college-age women, 11 to 32 pounds overweight and of 
varied body builds were reduced to average proportions and approxi-
mately average weight for height and age by diets of from 1000 to 1200 
calories, depending on the energy requirement indicated by preliminary 
dietary records. The 1000 calorie diet provided 125 grams of carbohydrate 
and 28 grams of fat; the 1200 calorie, 150 grams of carbohydrate and 37 
grams of fat; both contained 68 grams of protein and all other known 
nutritive requirements of this age group. The weighed diets were pre-
pared by trained attendants and served at a special metabolism table. 
Composition of diets was controlled throughout reduction by the use of 
the 5-day diet of McKay et al.2, divided into menus which were repeated 
every 5 days. 
For purposes of comparison the study was divided into three dietary 
periods, I, a period of self-selected diets, estimated to provide weight 
maintenance; II, a period of weight reduction employing the diets de-
scribed above, and III, a period of controlled maintenance in which 400 
calories, chiefly in the form of protein foods, were added to the reduction 
diet. 
Energy exchange was studied by basal metabolism tests and by deter-
minations of the increase in oxygen consumption under a set of condi-
tions defined for a period of recovery following exercise. The base line 
for evaluation of the increased oxygen consumption was a test made two 
hours after breakfast and just before exercise. Five subjects were studied 
during all three periods, one in Periods I and III, and two in Period II, only. 
Nitrogen and calcium were studied by analyses of intake and excre-
tions for seven-day samples of the dietary periods. Four subjects were 
studied for all three periods, two subjects for Periods II and III, and two 
subjects for Period II, only. 
This study was suggested by the observation that many women of 
college age, aware of the social and economic value of a slim, well-shaped 
figure, were attempting to reduce their weight by a variety of dietary 
routines. Since these tended to follow the pattern of diet for weight 
reduction of adults, they failed to provide the special dietary require-
1 Doctoral thesis No. 754, submitted July 14, 1945. 
•McKay, H ., Patton, M. B., Ohlson, M. A., Pittman, M. S., Leverton, R. M., Marsh, 
A.G., Stearns, G and Cox, G. 
1942. Calcium, phosphorus and nitrogen metabolism of young college women. 
Jour. Nutr. 24: 367. 
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ments of this age, that is, provisions for growth and for body stores for 
future childbearing. Diets especially designed for this age group appeared 
necessary, but experimental results on which to base the specifications 
were meager. This study is an attempt to point out the lines of research 
needed to provide such data. 
During Period I, 1250 to 2000 calories were ingested with only mini-
mal weight losses in all of the subjects except one. Calculated as calories 
per kilogram of absolute or ideal weight, these caloric intakes were rela-
tively low. 
Weight graphs for the whole experiment are presented for each sub-
ject. With the beginning of the reduction diet, weight dropped sharply, 
but the rate decreased as reduction progressed. In all cases the uniformity 
of the rate, indicating the avoidance of wide changes in water balance, was 
attributed to the constancy of the dietary constituents. Mean weight 
losses for the different subjects ranged from 1.1 to 2.0 pounds per week, 
results which are in keeping with other studies of similar caloric intake. 
Fat pads were reduced to normal proportions in all cases with the 
exception of two subjects in whom fat below the hips resembled the com-
plicated condition described in the literature as "lipedema." 
The basal energy exchange, which before reduction was within 12 
per cent of the average as determined for college-age women of this 
locality, decreased during reduction in every case except one. Decreases 
were in conformity with results reported in the literature; however, 
decreases below normal, as found in three subjects, had previously been 
reported only in weight reduction of subjects of normal weight, not in 
over-weights. During the post-reduction period the energy exchange re-
mained depressed. The mean 24-hour basal calories for the five subjects 
studied during all three dietary periods were 1421, 1175 and 1216, for 
Periods I, II and III, respectively. Mean pulse rates likewise decreased 
from 64 in Period I , normal for Iowa State women, to 56 and 54 for 
Periods II and III, respectively. 
If the depression in the basal metabolism can be assumed to be pro-
gressive, it would explain the gradual decrease in the rate of weight 
reduction which took place between 9 and 14 weeks from the beginning 
of the reduction diet. 
Evidence was presented for the validity of the post-breakfast test 
as ·a base line for evaluation of the cost of activity in terms of oxygen 
intake. However, the increases in oxygen consumption in the recovery 
period following exercise provided no evidence of a consistent effect of 
weight reduction on oxygen consumption. 
It is difficult to explain the failure of subject eight to lose weight 
after the tenth week. Weight, which had been maintained for 26 days 
with 1800 calories, was constant for four weeks with 1200 calories. Three 
decreases of fifty calories each as well as an increase of 400 calories, all 
over a period of 17 weeks failed to cause a change of more than a pound 
in weight. Finally, weight losses were again induced by the use of one 
grain of thyroid per day, a circumstance which would suggest a low basal 
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metabolic rate in spite of repeated tests which, by comparison on the 
basis of calculated surface area, appeared normal. 
In all dietary periods the individual intakes of nitrogen and calcium 
were greater than the allowances recommended by the National Research 
Council and by the authors of the McKay study of nitrogen and calcium 
retentions of college-age women (1942). The data of the mean nitrogen 
exchange in grams was as follows: Period I, retention, 2.82, intake, 
12.71; Period II, retention, 0.27, intake, 10.87; Period III, retention, 0.18, 
intake, 15.97. The calcium exchange in grams was: Period I, retention, 
0.144, intake, 1.397;; Period II, retention, 0.079, intake, 1.121; Period III, 
retention, -0.029, intake, 1.217. 
These values were compared with those of non-reduction subjects, 
eating self-selected and controlled diets at the same range of intake, 
reported by McKay et al.2 The controlled diets in the two studies were 
the same except for fat and carbohydrate calories and bulk. During 
Period I the nitrogen retentions in this study were better in respect to 
mean retention and number of subjects retaining than those of the McKay 
study; the calcium results were about equal for the two studies. In 
Period II the mean nitrogen retentions decreased both in the individual 
and also in comparison to the McKay study; calcium was only slightly be-
low the McKay value. However, in the post-reduction period both cal-
cium and nitrogen retentions were poorer with respect to individual 
values and number of subjects retaining than found by McKay. 
Increased urinary excretions accounted for practically all of the 
decreased nitrogen retentions and a large portion of the calcium. One 
explanation offered for the increased excretion of urinary nitrogen dur-
ing reduction was competition for calories. A second suggested explana-
tion covers both nitrogen and calcium retentions: poorer phosphorus 
absorption in the same subjects, observed by Herman3 and attributed 
by her to the greater bulk and lower fat content in the diets of this study, 
failed to provide sufficient phosphorus within the body for adequate 
retention of nitrogen and calcium. 
No adverse clinical symptoms were observed during Periods II and 
III except for the interruption of menstruation for two months in three 
of the subjects; in fact, all of the subjects were exceptionally free from 
complaints of ill health . 
• HERMAN, CHARLOTl'E A. 
1944. Nutritional status of Iowa State College Women IX. Phosphorus reten-
tion during weight reduction. M. S. thesis. Iowa State College Library, 
Ames, Iowa. [Unpublished.] 
EFFECT OF SUGAR OR SALT UPON DENATURATION PRODUCED 
BY BEATING AND UPON THE EASE OF FORMATION AND 
THE STABILITY OF EGG WIDTE FOAMS1 
FLORA MAY HANNING 
From the Department of Foods and Nutrition,, Iowa State College 
The effect of the addition of sugar or of salt on certain physical char-
acteristics of egg white foams has been determined and an exploratory 
study made upon the degree of denaturation induced by beating for vari-
ous periods of time. A uniform mix was prepared of the whites of 40 to 58 
eggs which ranged in quality from 75 to 90 Haugh units and was used for 
two consecutive days' tests. In Series I, the beating period was varied 
from 0 to 32 minutes; in Series II, from 0 to 24 minutes. Only one amount 
of each substance was added, 50 per cent sugar or 2 gm. table salt to the 
80 gm. of egg white used for each foam. The average of seven or eight 
foams was used in each case. 
The ease of formation of the foam was judged by a subjective scoring 
of stiffness and by a comparison of the expansion of the foam after vari-
ious periods of beating. The addition of sugar required a longer period 
or beating to form the structure of the foam as judged by each of these 
methods. The effect of sugar seemed to be more marked in the early part 
of the beating period. It required 3 to 4 minutes of beating to incorporate 
all the liquid into foam for egg white alone, whereas, with 50 per cent 
sugar, more than 9 minutes beating was required. The scores were 
assigned by tenths from zero to three, a score of one being given when 
all the liquid was incorporated into foam, two when the peaks were 
straight and stiff, and three when the foam was stiff and dry. The reduc-
tion in stiffness due to sugar may be noted from the foams beaten 8 min-
utes; for egg white alone, the average score was 2.5; for egg white plus 
sugar, 0.8. Approximately equal scores were given for foams without 
sugar beaten 16 minutes as for the ones with sugar beaten 32 minutes; 
for foams of egg white alone beaten 3 minutes as for those with sugar 
beaten 9 minutes; or, for foams beaten 12 minutes with no sugar as for 
those beaten 24 minutes with sugar. 
The expansion factors which designate the multiple by which the 
initial volume had increased during the beating, also show the retardation 
due to the presence of sugar. Volumes had increased from six to nine 
times for foams of the stiffness used in cookery. At every period of beat-
ing the foams containing sugar had expanded appreciably less than those 
without it. A linear relationship was apparent when the expansion factors 
were plotted against the logarithms of the beating periods. 
The stability of the egg white foams was determined by weighing 
the liquid draining in 1 hour from 20 gm. of the foam. Examples were 
1 Doctoral thesis No. 756, submitted July 25, 1944. 
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obtained of foams which had a high drainage at a short beating period and 
thus were unstable due to underbeating and of foams which were beaten 
long and were unstable because of overheating. There appeared, thus, 
to be a region of minimum drainage or maximum stability. For foams 
containing sugar, the data show only one example of lessened stability 
due to overheating. It required about four times as long a beating period 
to reach maximum stability when sugar was present but the amount of 
liquid draining in 1 hour was about one-fourth to one-third as much as 
from the control foams with no sugar. 
The weight of foam remaining after overnight drainage also was 
less for the shorter periods of beating of foams containing sugar. Thus, 
one can conclude that the presence of sugar retarded coagulation of the 
egg white proteins since it required longer beating to produce a measur-
able amount of drained foam. When the amount of drained foam showed 
no further increase with beating, there was still 80 to 90 per cent or more 
liquid incorporated with the coagulated protein in the foam. 
The effect of the addition of salt was compared at two periods of 
beating only, 6 and 9 minutes. The only appreciable difference in the 
physical measurements due to the addition of salt was a lessened stability 
of the foam beaten 6 minutes. 
The texture and plasticity of the foams with sugar or salt were quite 
different. The foams containing sugar were much more plastic and less 
friable than those with salt or with no addition. The presence of the oxi-
dizing agent, iodosobenzoate, also, was correlated with a more plastic foam. 
Two chemical methods were employed in an attempt to assess the 
degree of denaturation produced by the beating. In the first method, a 
concentrated solution of iodosobenzoate was added to the egg white before 
beating, in order to oxidize the reducing groups activated during the pro-
duction of the foam. Specificity for the sulfhydryl groups required that 
the reaction occur at pH 7 but it was sacrificed in favor of working with 
the egg white at its natural alkaline medium. The excess oxidant in the 
foam was determined by titrating the iodine it released from potassium 
iodide with 0.01 N thiosulfate. The data suggest that the major portion 
of the denaturation occurs in the early part of the beating period but 
the difference was not statistically significant. The statistical method used 
in each case was the calculation of the t value for differences between pairs. 
The iodosobenzoate method yielded a very high reducing value for un-
beaten egg white. A discussion is given of the various constituents which 
may have contributed to the reducing value. Unbeaten egg white to 
which sugar was added gave a still higher value; the difference from the 
control without sugar, however, was not statistically significant. The effect 
of sugar on unbeaten egg white suggested by these data is a question 
which needs careful study by more specific and precise methods. The 
iodosobenzoate method was not satisfactorily specific or precise. 
The second method employed was the ferricyanide oxidation of sulfhy-
dryl groups at pH 7 and determination made spectrophotometrically after 
the removal of the protein by tungstic acid precipitation. Since the 
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oxidant was not present during the beating of the foams, relative rather 
than total values were obtained of the amount of denaturation produced 
by the beating. This method could not be applied to the foams which 
contained sugar because of the hydrolysis of sugar to reducing sugars 
produced by the tungstic acid. The data showed the greatest increase in 
sulfhydryl groups with a beating period of the first three minutes. This 
difference was found to be statistically significant and represented a 
denaturation of about 3 per cent of the protein present if it is assumed 
that all the proteins in egg white react as does albumin. Since the condi-
tions of this method allow only an incomplete measure of the total amount 
of sulfhydryl activated, the amount of denaturation produced by 3 min-
utes of beating is somewhat greater than 3 per cent. The addition of salt 
produced a significantly smaller active sulfhydryl content in the egg white 
foams of one series while in another series, the result was lower but not 
statistically significant. 
That the effect of sugar is to delay coagulation of egg white foams 
is demonstrated in this study. The inhibition of coagulation by sugar has 
been shown previously by other workers for heat denaturation. The 
retardation of coagulation has a definite measure in the longer period of 
beating required to produce any measurable amount of drained foam. The 
delay in coagulation of protein is the suggested explanation for the slow 
development of stiffness, for the retarded expansion of the foam in the 
early stages, for the longer beating period required to reach maximum 
stability and for the less friable but more plastic texture of the foams con-
taining sugar. A discussion is given in terms of the structure of albumin 
molecules of the question as to the step in which the sugar effect is 
exerted. No conclusion can be stated, as yet, as to whether sugar retards 
the extension of the globular structure of the native protein into the de-
natured form or whether sugar blocks the intermingling and clumping 
of the denatured protein structures into a coagulum. 
EFFECT OF CONCENTRATING EGG WHITE ON 
DESIRABILITY OF ANGEL CAKE1 
HELEN LOUISE HANSON 
From the Department of Foods and Nutrition, Iowa State College 
The primary purpose of this investigation was to find a method for 
concentrating egg whites which would not affect the cake-making qualities 
of the reconstituted product. Present commercial methods of producing 
dried egg white are such that the finished product does not perform in all 
respects in a manner comparable to the performance of fresh egg white. 
This deficiency in the product is particularly apparent when dried egg 
whites are used in angel cakes. In baked products the extensibility and 
coagulability of the proteins of the egg white are important in addition 
to their foaming ability. Commercially dried whites used in food prepara-
tion seem to retain their foaming properties but lose some of the properties 
essential in baked products. 
A study of the effect of different concentrations of the egg white was 
included in order to determine whether the degree of concentration was 
a factor limiting the range over which the process could be successfully 
extended. Since the method used in dehydrating egg whites might very 
well be the cause of the damage to the product, the problem was planned 
so that two methods could be compared. One of these was a modification 
of the present commercial method known as pan drying. Two different 
temperature ranges were maintained in the latter process, using infra-red 
lights as the source of heat. The second method used was known as 
"lyophilizing" or vacuum-drying from the frozen state, a process in which 
the water was removed from the egg white while it was in a frozen con-
dition. 
A study of the effect of storage on the concentrated product at room 
temperature (21.1°C.), refrigerator temperature (1.7°C.), and frozen 
storage temperature (- 17.8°C.) was planned in order to compare the 
keeping qualities of fresh and concentrated egg white. Angel cake was 
chosen as the vehicle for testing the concentrated egg whites prepared by 
the two different methods, since differences in the quality of the egg 
white preparations would be reflected in changes in cake volume, tensile 
strength, and palatability. 
Preliminary experiments with the modified pan-drying method of 
concentration, known as the "air-film process," were complicated by 
difficulties relating to some of the physical properties of the mucin frac-
tion of the egg white proteins. It was found that when the mucin was 
removed before the egg white was concentrated, the concentration could 
be accomplished more easily. However, the angel cakes made from these 
mucin-free eggs were unacceptable. For this reason, the study of the 
role of mucin in angel cake was included in the problem. 
1Doctoral thesis No. 772, submitted June 11, 1945. 
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It was found that when mucin was removed or precipitated, certain 
structural properties of the egg white were lost. Meringues made in the 
preparation of angel cakes from such egg whites required prolonged 
beating to reach a definite specific gravity range. The angel cakes made 
from such egg whites were characterized by low volume, decreased pala-
tability, and a coarse, compact, and gummy texture. They tended to shrink 
from the sides of the pan during the final stages of baking and during 
cooling. 
Concentration of the egg white was successfully accomplished by 
both of the two methods used. It was shown that concentration of the 
egg white by vacuum-drying from the frozen state to a solids' concentra-
tion of approximately 92% did not cause a significant change in the cake-
making properties of the reconstituted product. 
Successful concentration of egg white by the air film method (pan-
drying) was limited by the time and temperature used in the process. 
At a concentration temperature of 35° to 45°C., superior cakes were ob-
tained from the reconstituted product if the time of concentration was 
not longer than approximately 11h hours. As the time of concentration 
was increased to approximately 21h hours, there was a progressive de-
crease in the quality of the cakes made from the reconstituted product. 
Increase of the concentration time to 9 hours had no further effect on cake . 
quality. Cake quality was not affected by the degree of concentration of 
the egg white to approximately 90% of egg white solids. When egg 
whites were concentrated by the air-film process at a temperature of 25° 
to 35° C., superior cakes were obtained from the reconstituted products 
when the time of concentration was as long as 12 hours. The time of con-
centration could be regulated by the temperature of the egg white, the 
depth of the egg white layer, mechanical manipulation to remove the 
dried layer of egg white, and regulation of the humidity and rate of flow 
of the air current. 
Concentration by vacuum-drying from the frozen state caused a de-
crease in the number of microorganisms present in the egg white product 
as determined by the standard plate count. In the concentrated and in the 
unconcentrated samples stored at 1.7°C. there was relatively little change 
in the standard plate count over a storage period of 1 month. Concen-
tration to less than 75% solids had slight effect on the growth of micro-
organisms as determined by the standard plate count in samples held 
for 1 month at 21.1°C. However, concentration of the egg white to ap-
proximately 75% solids or more reduced the growth of microorganisms. 
Concentration of egg white by vacuum-drying from the frozen state 
followed by storage for 80 days at - 17.8°C. resulted in decreased quality 
of the angel cakes made from the reconstituted product. However, the 
data were insufficient to show to what extent the factor of degree of con-
centration was responsible for the deterioration in quality. Further stor-
age studies should be performed to clarify this point and to establish 
satisfactory storage conditions for concentrated egg white products. 
THE PROBLEM OF BRIDGING THE 1- AND 9-POSITIONS 
OF DIBENZOFURAN1 
JOHN ALEXANDER HOGG 
From the Department of Chemistry, Iowa State College 
The successful introduction of a two-carbon bridge between the l-
and 9-positions of dibenzofuran (I) or one of its derivatives would afford 
a means of synthesis for interesting compounds containing the 4,5-phen-
anthrylene oxide nucleus (II) . 
(I) (II) 
This work is concerned with the preparation of dibenzofuran deriva-
tives which may be suitable precursors for this purpose, the determina-
tion of the structure of these derivatives, and their ultimate use in at-
tempts to bridge the 1- and 9-positions of dibenzofuran. The numbering 
system most commonly employed in dibenzofuran chemistry is shown 
in formula I. 
2-Aminodibenzofuran2 was monobrominated by the entrainment 
method, wherein a stream of air saturated with bromine vapor was passed 
into an acetic acid solution of the amine. The resulting 1-bromo-2-
aminodibenzofuran, m.p. 120°-121°, gave 1-bromodibenzofuran3 upon 
deamination. Further bromination gave 1,3-dibromo-2-aminodibenzo-
furan, m.p. 180°-181°, which proved to be identical with the compound 
prepared by Thirtle4. by the direct bromination of 2-amino-3-bromodiben-
zofuran. 
1-Bromo-2,8-dimethoxydibenzofuran5 was converted into 1-methyl-
2,8-dimethoxydibenzofuran, m.p. 85°-86°, via halogen-metal interconver-
sion with n-butyllithium and subsequent treatment with methyl sulfate. 
Cleavage with hydrobromic acid in acetic acid gave 1-methyl-2,8-dihy-
droxydibenzofuran, m.p. 187°-188° , which yielded 1-methyl-2-hydroxy-
1 Doctoral thesis number 765, submitted December 20, 1944. 
2 Cullinane, J. Chem. Soc., 2267 (1930). 
' Gilman and Van Ess, J. Am. Chem. Soc., 61, 1365 (1939). 
• Thirtle, Doctoral Dissertation, Iowa State College, 1944. 
• Yeoman, Doctoral Dissertation, Iowa State College, 1944. 
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8-aminodibenzofuran, melting (as the hydrochloride) at 220° with 
decomposition, when heated to 180° for twenty hours with ammonium 
bisulfite. Deamination, followed by acetylation, gave 1-methyl-2-acetoxy-
dibenzofuran, m.p. 80°-81°, which proved to be identical with an authentic 
sample of 1-methyl-2-acetoxydibenzofuran prepared from 1-bromo-2-
methoxydibenzofuran6. Halogen-metal interconversion with n-butyllith-
ium and treatment with methyl sulfate gave 1-methyl-2-methoxydibenzo-
furan, m.p. 60°-61 ° . Cleavage with hydrobromic acid in acetic acid gave 
1-methyl-2-hydroxydibenzofuran, m .p. 135°-136° , and subsequent acety-
lation yielded the desired 1-methyl-2-acetoxydibenzofuran. 
In connection with the structure of the compound designated by 
Swislowsky as l,9-dibromo-2,8-dimethoxydibenzofuran7, 1-bromo-2,8-di-
methoxydiben.Zofuran was further brominated to give this same dibromo-
2,8-dimethoxydibenzofuran, indicating that one bromine atom is in the 
1-position. 3-Bromo-2,8-dirnethoxydibenzofuran4, m.p. 115°-116°, was 
prepared by the direct monobromination of 2,8-dimethoxydibenzofuran7• 
Further bromination of 3-bromo-2,8-dimethoxydibenzofuran gave the 
supposed 1,9-dibromo-2,8-dimethoxydibenzofuran and the known 3,8-di-
bromo-2,8-dirnethoxydibenzofuran8. This verified the structure of 
3-bromo-2,8-dimethoxydibenzofuran and showed the unknown 1,9 (?)-
dibromo-2,8-dirnethoxydibenzofuran to be either 1,3- or 1,7-dibromo-2,8-
dimethoxydibenzofuran. 
In connection with the latter structure proof, 1-methyl-2,8-dihydroxy-
dibenzofuran was monobrominated and dirnethylated to 1-methyl-7-
bromo-2,8-dimethoxydibenzofuran, m.p. 143°-145°, and this compound 
was then converted via halogen-metal interconversion with n-butyllithium 
and tr eatment with methyl sulfate to the same dimethyl-2,8-dimethoxydi-
benzofuran obtained by Swislowsky from the supposed 1,9-dibromo-2,8-
dimethoxydibenzofuran. 1-Methy 1-7-bromo-2,8-dirnethoxydibenzofuran 
was then converted via halogen-metal interconversion with n-butyllith-
ium and treatment with ethyl sulfate to 1-methyl-7-ethyl-2,8-dimethoxydi-
benzofuran, obtained in pure form as the picrate (m.p. 144°-145.5° ). 
This same preparation was attempted by the introduction of the alkyl 
groups in the reverse order. Symmetrical substitution would result in 
identical compounds. 1-Bromo-2,8-dimethoxydibenzofuran gave 1-ethyl 
2,8-dirnethoxydibenzofuran, m.p. 71D-72°, after halogen-metal intercon-
version with n-butyllithium and treatment with ethyl sulfate. Demethyla-
tion with hydrobromic acid in acetic acid gave 1-ethyl-2,8-dihydroxydi-
benzofuran, m.p. 142°-143°. Bromination in acetic acid and dimethylation 
with methyl sulfate and sodium hydroxide gave 1-ethyl-7-bromo-2,8-di-
methoxydibenzofuran, m.p. 116°-117°. An attempt to convert this via 
n-butyllithium and methyl sulfate to 1-ethyl-7-methyl-2,8-dimethoxydi-
benzofuran (picrate) was unsuccessful. 
The metalation of 1-methyl-2,8-dimethoxydibenzofuran with n-butyl-
• Van Ess, P. R., Doctoral Dissertation, Iowa State College, 1936. 
1 Swislowsky, Doctoral Dissertation, Iowa State College, 1939. 
• Gilman, Swiss, Willis, and Yeoman, J. Am. Chem. Soc., 66, 798 (1944). 
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lithium and subsequent treatment with methyl sulfate gave a dimethyl-
2,8-dimethoxydibenzofuran, m.p. 129°-131°. 
The formylation of 2,8-dimethoxydibenzofuran7 with N-methylfor-
manilide and phosphorus oxychloride gave 2,8-dimethoxydibenzofuran-3-
aldehyde, m.p. 166°-167°. The oxidation of the latter with aqueous 
permanganate gave 2,8-dimethoxydibenzofuran-3-carboxylic acid, m.p. 
169.5°-171°, which was identical with the acid prepared from 3-btomo-
2,8-dimethoxydibenzofuran via treatment with n-butyllithium and sub-
sequent carbonation. 1-Bromo-2,8-dimethoxydibenzofuran gave 2,8-di-
methoxydibenzofuran-1-carboxy lie acid. 
The structure of 1-bromo-4,6-dimethoxydibenzofuran9 was estab· 
lished. After conversion to the known l-carboxy-4,6-dimethoxydibenzo. 
furan9 , cleavage with hydrobromic acid in acetic acid gave 1-carboxy-4,6· 
dihydroxydibenzofuran, m.p. 278°-280°. 1-Carboxy-4,6-diaminodibenzo-
furan, m.p. 183°-184°, was obtained by heating the latter with ammonium 
bisulfite for twenty hours at 160°. Deamination via the diazonium salt 
and hypophosphorous acid gave the known dibenzofuran-1-carboxylic 
acid3• 
3-Bromo-4,6-dimethoxydibenzofuran, m.p. 117.5°-119° was prepared 
by the metalation of 4,6-dimethoxydibenzofura:n9 with n-butyllithium and 
subsequent treatment with bromine. Bromination gave the supposed 1,9-
dibromo-4,6-dimethoxydibenzofuran7. The latter was also obtained by 
the bromination of 1-bromo-4,6-dimethoxydibenzofuran. 3-Bromo-4,6-di-
methoxydibenzofuran was converted to 3-hydroxy-4,6-dimethoxydibenzo-
furan, m.p. 140°-141°, by treatment with n-butyllithium and then oxygen. 
Methylation with methyl sulfate gave 3,4,6-trimethoxydibenzofuran, m.p. 
126°-127°. 
4,6-Dimethoxydibenzofuran-1-aldehyde10 was prepared by the action 
of N-methylformanilide and phosphorus oxychloride on 4,6-dimethoxydi-
benzofuran!>. 4-Methoxydibenzofuran-1-aldehyde, m.p. 104°-105°, was 
prepared by the same procedure from 4-methoxydibenzofuran11 and then 
oxidized by aqueous permanganate to 4-methoxydibenzofuran-1-carbox-
ylic acid12• Condensation of 4-methoxydibenzofuran-1-aldehyde with 
malonic acid in the presence of piperidine gave 4-methoxy-l-dibenzofural-
acetic acid, m.p. 281°-282° Hydrogenation with Pd-CaC03 catalyst gave 
~[1-(4-methoxydibenzofuryl) ]propionic acid, m.p. 176°-178°. Cycliza-
tion of this acid in the presence of anhydrous hydrogen fluoride probably 
involved the 2-position to give 5-methoxy-l-benz[b]indeno[4,5-d]-furan-
3 (2)-one, m.p. 192°-193°. Reduction with zinc and hydrochloric acid 
gave 4-methoxy-1,2-cyclopentenodibenzofuran, m.p. 66°-68°, and oxida-
tion with aqueous permanganate followed by treatment with diazomethane 
gave 1,2(?)-dicarbomethoxy-4-methoxydibenzofuran13 , m.p. 175°-176°. 
4-Methoxydibenzofuran-1-aldehyde was also condensed with hippuric 
• Gilman and Cheney, J . Am. Chem. Soc., 61, 3149 (1939). 
1
° Cook, Doctoral Dissertation, Iowa State College, 1940. 
11 Cheney, Doctoral Dissertation, Iowa State College, 1938. 
1
' Gilman and Van Ess, J. Am. Chem. Soc., 61, 1365 (1939). 
u Avakian. Doctoral Dissertation, Iowa State College, 1944. 
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acid in the presence of acetic anhydride to give an azlactone, m.p. 245°-
2460, which was converted to 4-methoxy-l-dibenzofurylacetic acid14 by 
hydrolysis with 10% potassium hydroxide and oxidation with hydrogen 
peroxide. Attempts to cyclodehydrate this acid with anhydrous hydro-
gen fluoride were unsuccessful. 
1-Bromodibenzofuran3 was converted to 1-dibenzofurylmagnesium 
bromide and condensed with a-phenoxypropiophenone. After refluxing 
for 48 hours a-phenyl-a-(1-dibenzofuryl)-acetone, m.p. 103°-105°, was 
obtained instead of the desired 9-methyl-10-phenyl-4,5-phenanthrylene 
oxide. An oxime, m.p. 204°-206° formed readily. Anhydrous hydrogen 
fluoride, 88% sulfuric acid, and phosphorus pentoxide also failed to cyclo-
dehydrate a-phenyl-a- (1-dibenzofuryl) acetone. 
1-Bromo-4,6-dimethoxydibenzofuran9 was succinoylated with suc-
cinic anhydride and aluminum chloride in tetrachloroethane and nitro-
benzene to yield 1-bromo-7 ( ?)-succinoyl-4,6-dimethoxydibenzofuran, m.p. 
200°-201°. l-Succinoyl-4,6-dimethoxydibenzofuran13 was also isolated 
from this reaction. Debromination of the main product by hydrogenation 
with Pd-CaC03 catalyst gave 3 (?)-succinoyl-4,6-dimethoxydibenzofuran, 
m.p. 167°-168°. 
The dibromination of 4-hydroxydibenzofuran11 followed by methyla-
tion with methyl sulfate gave l,3-dibromo-4-methoxydibenzofuran, m.p. 
139°-140°. This structure was confirmed by the preparation of the same 
compound from the known 1-bromo-3-amino-4-methoxydibenzofuran15 
via diazotization and treatment with cuprous bromide. An attempt to 
convert 1,3-dibromo-4-methoxydibenzofuran into 1,3-dimethyl-4-meth-
oxydibenzofuran gave another product of m.p. 86°-87°. A similar a:p.oma-
lous reaction occurred with 1,3-dibromo-4,6-dimethoxydibenzofuran9 
yielding a product melting at 115°-116°. 
Some new compounds incidental to structure proof work were pre-
pared. 5,6-Dibromohydrindene16 was nitrated with concentrated nitric 
and sulfuric acids to give 4-nitro-5,6-dibromohydrindene, m.p. 139°-140°. 
An attempt to couple this compound with sodium phenoxide was unsuc-
cessful. 5-Nitrotoluhydroquinone dimethyl ether17 was refluxed with 
hydrobromic acid in acetic acid for five hours to yield 4-hydroxy-5-nitro-
o-cresyl methyl ether, m.p. 100°-101.5°. 
1-Bromo-4-hydroxydibenzofuran6 gave 4-aminodibenzofuran12 when 
heated for twenty hours with ammonium bisulfite in a sealed tube at 160°. 
" Burger and Avakian, J. Am. Chem. Soc., 62, 226 (1940). 
1
• Gilman, Parker, Bailie, and Brown, J. Am. Chem. Soc., 61, 2836 (1939). 
" Borsche and Bodenstein, Ber., 59, 1926 (1912). 
"Erdtman, Proc. Roy. Soc., (London), A143, 191 (1933). 
THE RELATIVE IMPORTANCE OF 
AIR, STEAM, AND CARBON DIOXIDE AS LEAVENING GASES 
IN CAKES MADE WITH DIFFERENT TYPES OF FAT1 
MAUDE PYE Hoon 
From the Department of Foods and Nutrition, Iowa State College 
A study was made of the amount of leavening attributable to each 
of the leavening gases, air, steam, and carbon dioxide, in plain cake with 
especial interest as to whether or not air is necessary in batters for leav-
ening by steam to be effective. Three types of fat were used to study 
what relation, if any, existed between the type of fat used and the leaven-
ing power of the three gases. 
The plan of, procedure provided for three groups of 24 cakes each 
made from three types of fats, (1) butter, (2) oil, and (3) hydrogenated 
lard. Each group was subdivided into three groups, in which different 
leavening agents were used, namely, (1) air and steam, (2) carbon di-
oxide, air, and steam, and (3) steam alone. The method of mixing used 
was the conventional-sponge method as given in Experimental Cookery 
by Lowe, page 496, published by John Wiley and Sons, 1943. Each day 
two different fats were used in making batters. At expedient stages of 
mixing, each cake batter was divided into three portions. A cake from 
one portion was baked with the occluded air and potential steam as leav-
ening agents, the air was removed from one portion by means of a water 
vacuum pump, and the third portion had baking \powder added to furnish 
carbon dioxide. Data were taken from which the leavening power of 
each gas was calculated. Other data were taken to study the effect of 
leavening agents and fats on other properties of the batters and cakes. 
Quality of the cakes was measured by objective tests for texture and 
eating quality and by scores of five judges who scored crumb, tenderness, 
velvetiness, and eating quality. 
Cakes from the air-and-steam-leavened series were of good quality. 
The crumb of the cakes was velvety, tender, and moist and of fine, uniform 
grain. There was a tendency for compactness and small soggy spots in 
some of the cakes. Cakes of this series had moist top crusts that did not 
brown well. When baking powder was included in the formula to furnish 
carbon dioxide for an additional leavening agent, the cakes were lighter, 
more open-grained, less moist, and had delicately browned crusts. Cakes 
from the batters leavened by steam alone were exceedingly low in vol-
ume, distorted in shape, and evidenced little or no cell structure. The in-
terior had more the appearance of a custard or starch pudding than of a 
cake. There was no significant difference between the total palatability 
scores of the air series and the scores of the series in which carbon dioxide 
1 Doctoral thesis No. 759, submitted August 24, 1944. 
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gave additional leavening. Scores of cakes leavened by steam alone were 
extremely low, and the cakes were described ai;; unpalatable. 
Velvetiness scores were slightly higher in the air series than in the 
carbon dioxide series. Cakes of the carbon dioxide series had some ten-
dency toward harshness. Oil cakes of this series seemed more harsh than 
cakes from the other two fats. Steam-leavened cakes showed no velveti-
ness. 
Sand index tests indicated the crumb of the air cakes was very fine. 
Sand retention was significantly lower than the sand retention of cakes 
in the carbon dioxide series, whereas the palatability scores were approxi-
mately the same for the two series. This may indicate that the two groups 
were about equidistant from the ideal texture, with cakes of the carbon 
dioxide series too coarse and cakes of the air series too compact. There 
was a correlation between the eating quality scores and the moisture ab-
sorption of the cakes. Cakes of the air series were between cakes of the 
other two series in moisture absorbing ability. 
Since some workers have associated high batter viscosity with good 
cake quality, line-spread measurements were taken on batters of this 
study to determine batter viscosity. It was found that the viscosity of 
fat used in the cake batters had a decided influence on batter viscosity 
without a corresponding influence on cake quality. In this study fats of 
high viscosity produced batters of high viscosity, and conversely low-
viscosity fats produced low-viscosity batters. The more viscous of the 
oil batters produced cakes which compared favorably with cakes from 
the more viscous of the hydrogenated lard or butter batters. The mean 
viscosity of batters of the carbon dioxide series was slightly higher than 
the mean viscosity of batters of the air-leavened series. Removal of air 
from the batters materially reduced all batter viscosities and cake quali-
ties, but the mean viscosity of hydrogenated lard batters with air re-
moved (0.35) was higher and the palatability score (8.7) was lower than 
the mean viscosity of oil batters before the air was removed (0.21), with 
a palatability score of 82.6. 
A study was made of the effect of fats and of leavening agents on the 
electrical conductance of the batters. A glass cup-shaped cell containing 
two platinum electrodes in fixed positions held the test batter. The elec-
trical apparatus consisted of a six-volt Edison battery, an audio-oscillator 
of 1,000 cycles, a Wheatstone bridge dial-type resistance box, and a tun-
able double telephone receiver. No attempt was made to measure specific 
conductance of the batters, but the work was done on a comparative 
basis' only. Statistical analysis showed that electrical conductance 
was significantly affected by fats and by leavening agents. Compari-
son was made between specific gravities of the batters and conductances. 
The incorporation of gas in batters as measured by specific gravity had a 
much greater influence on conductivity than fats had. In fact, the effect 
of fats was detected only in batters from which air had been removed. 
In the air-evacuated batters there was an inverse relation between batter 
viscosity and electrical conductance. Since batter viscosity in the air-
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evacuated series seemed to be a function of fat viscosity, apparently the 
more viscous the fat the lower the conductivity of the batter. 
The mean volume of air- and steam-leavened cakes lay between the 
mean volumes of cakes leavened by carbon dioxide, air, and steam and 
those leavened by steam alone. Although increased cake volume is a de-
sirable property and is usually associated with other desirable qualities, it 
alone does not necessarily indicate superior quality. In this study cakes 
of the air series had significantly smaller volumes than cakes of the car-
bon dioxide series, but eating quality of the cakes was approximately the 
same for both series. 
Increase in cake volume over batter volume was the criterion used 
for the leavening power of the gases. Of the increase evidenced by the 
air- and steam-leavened cakes the average percentage attributable to air 
was 25 per cent in hydrogenated lard cakes and 19.8 per cent in butter 
cakes, but only 11.4 per cent in oil cakes. The milliliter of volume increase 
attributable to air was approximately the same in all cakes (16.1 to 17.4 
milliliters); hence the variance in volume increases among air- and steam-
leavened cakes from different fats was due to differences .in the effective-
ness of steam with the several fats. The volume increase estimated to 
have been affected by steam in hydrogenated lard cakes was 50.1 milli-
liters, whereas in butter and oil cakes it was 70.7 and 126.2 milliliters, 
respectively. 
Addition of baking powder to the batter produced a significant in-
crease in cake volume. Total volume increases were 216.8, 286.7, and 
247.5 milliliters for the butter, oil, and hydrogenated lard cakes, respec-
tively. Percentage increases accredited to the effect of carbon dioxide 
were butter cakes 59.7, oil cakes 50.3, and hydrogenated lard cakes 73.1 
per cent. 
Extremely l~w volumes were obtained in the cakes leavened by 
steam alone, even though there was the same amount of moisture avail-
able to produce steam in this series as in the series leavened by air and 
steam. Some steam-leavened. cakes, in which small amounts of air were 
entrapped in the batters, exhibited increases in volume disproportionate 
to the amount of air entrapped but still had extremely poor cell structure. 
In the absence of gas pockets into which the steam might pass, steam 
lost its power of leavening. Hence it appeared that the effectiveness of 
steam as a leavening agent is affected by the presence and distribution of 
gas bubbles in the batter. 
The type of fat used influenced the effectiveness of leavening gases. 
The most mobile shortening, oil, gave the largest total volume increases 
with either air or carbon dioxide as the leavening agent. Hydrogenated 
lard cakes had larger increases than butter cakes when baking powder 
was added but exhibited lower increases than butter cakes in the air- and 
steam-leavened series. 
DRIED EGG ALBUMEN. I: STUDIES OF THE NON-
MICROBIOLOGICAL CHANGES DURING STORAGE1 
RALPH W. KLINE 
From the Department of Animal Husbandry, Iowa State College 
A study has been made of the characteristics of the non-microbio-
logical changes which take place during storage of dried egg albumen. 
The original light yellow color of the dry product was replaced by orange, 
then brown as the storage period was extended. The solubility of the dry 
product, as measured in a 0.1 molar phosphate buffer of pH 4.8 remained 
unchanged for a short period, then fell rapidly to 30% of the original or 
less. The fluorescence of the material soluble in the phosphate buffer in-
creased sharply during the period during which the solubility remained 
unchanged, then fell abruptly as the solubility decreased. The pH of the 
albumen, as determined by reconstituting the dry product, fell steadily 
during the storage period. 
The effect of temperature on the rate at which the changes take 
place was studied. Increasing the storage temperature by 10° C. generally 
increased the rate by five times. The length of time a normal dried albu-
men (pH 9.5, 10% moisture) retained complete solubility was 1 hour, 
5 hours, 15 hours and 115 hours for 70° C., 60° C., 50° C., and 40° C., 
respectively. Corresponding figures estimated from fluorescence values 
for 30° C. and 20° C. were 500 and 2,400 hours. 
The effect of lowering the pH of the liquid albumen prior to drying 
was to increase the "storage life" of the dry product. Samples adjusted 
to pH 8.5, 7.0, 6.0 and 5.0, respectively, before drying, reconstituted to pH's 
9.6, 9.0, 7.3, and 4.8, respectively, after drying. The length of time that 
these samples showed no change in solubility at 60° C. was 6, 20, 36 and 72 
hours, respectively. 
Reducing the moisture content of the dry albumen to low levels ex-
tended its useful storage life to a considerable degree. Samples of mois-
ture contents 9.6, 5.2, 2.0 and 1.3% were stored at 60° C. and the solubil-
ity remained unchanged %, 11/2, 6 and 5 days for the respective samples. 
The combined effect of lowering the pH of the albumen and reducing the 
moisture content of the dry material was a little greater than that of low 
moisture alone. 
The glucose present in dried albumen has been shown to be respon-
sible for the changes which take place during storage. The glucose can be 
removed from the liquid albumen by bacterial fermentation, but com-
plete stability of the dry product was abtained only if all of the sugar was 
removed. Samples dried with as little as 5% of the normal glucose con-
tent present (the normal amount is 0.40-0.45% in the liquid albumen) 
became completely insoluble on extended storage at 60° C. Samples con-
•Doctoral thesis No. 771, submitted June 11, 1945. 
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taining less than the normal amount of glucose developed less color and 
fluorescence, in the order of their decreasing glucose concentration, even 
though they became completely insoluble. 
Various types of sugars were added to glucose-free (fermented) albu-
men and the course of their reaction in the dried material studied. In 
general all aldehyde sugars produced the changes typical of dried natural 
albumen. Pentoses (arabinose, xylose) produced the changes very rap-
idly, hexoses (glucose, mannose, galactose) less rapidly, and disaccharides 
(maltose and lactose) quite slowly. In each group, the specific sugars 
differed in the speed with which they produced the changes. The non-
aldehyde sugars sucrose, trehalose and raffinose, and the hexahydric alco-
hols sorbitol and mannitol produced no changes at all. Fructose behaved 
in a fashion similar to the aldohexoses. 
Amino acids added to liquid albumen before drying in general re-
tarded the usual solubility. change of the dried product. Glycine and ly-
sine were most effective, retaining almost complete solubility of dry albu-
men for 72 days at 50° C. when added to the liquid slightly in excess of 
the molar equivalent of the glucose present. The color and fluorescence 
developed in such samples was much greater than that observed in nor-
mal. samples, however. Alanine, glutamic acid, arginine, and a protein 
hydrolysate were less effective, while tyrosine and its butyl and ethyl 
esters were ineffective. Cysteine was almost as effective as glycine and 
lysine in retaining the solubility of albumen, and did not produce the 
color that the latter did when samples were stored at 50° C. Cysteine 
treated samples stored at 60° C., however, showed the darker color. 
Other amino compounds tried without noticeable effect were glu-
cosamine, thiourea and sodium p-aminobenzoate. p-Aminobenzoic acid 
had some preservative effect on the solubility. 
The packing of dry albumen in an atmosphere of sulfur dioxide re-
sulted in an immediate loss in solubility (10-15%). However, on sub-
sequent storage at 60° C., further changes in solubility did not take place 
in as much as 35 days, and the powder retained its original color. This 
period is the greatest observed without change in solubility for any sample 
studied. 
Because of the striking similarities between the properties of the 
reaction mixtures of amino acids and reducing sugars and the properties 
of deteriorating dried egg albumen, it is suggested that the reactions 
taking place in the latter are analogous to those of the former. Some of 
the common features of the two reactions which suggest their relation-
ship are listed in the following sentences. Amino acids are known to react 
with aldehyde sugars, the same ones listed above as causing the deteriora-
tion of dried egg white, to form dark brown products known as melanoid-
ins. The reaction is accompanied by decrease in pH of the reaction medium, 
the ultimate development of insoluble complexes containing nitrogen, and 
the development of substances which fluoresce under the same conditions 
as dried albumen. The reaction of amino acids with sugars has a tem-
perature coefficient similar to that of the dried albumen reaction, and the 
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effect of pH is also the same, that is, lowered pH retards the progress of 
the reaction. The samples of albumen to which the amino acids were 
added showed development of color and fluorescence strikingly similar to 
those shown by amino acid-sugar reactions, and the retention of solu-
bility of the protein of these samples indicates that the glucose reacted 
with the amino acids in preference to the protein. Sulfites and sulfur di-
oxide have been reported as retarding or preventing the reaction of amino 
acids and sugars in the test tube as well as in some natural products. 
MECHANICS IN THE FORMATION OF 
WATER-STABLE SOIL AGGREGATES1 
JOHN ROGER McHENRY 
From the Departnient of Agronomy, Iowa State College 
The conservation of the nation's soil resources has become the con-
cern of the general public and professional soils men during the past 
decade. A result of this interest has been the extensive development of 
several specialized fields of soils research. The study of soil structure and 
aggregation is one of these fields. A voluminous literature indicates much 
work has been done in these fields in an applied manner but that work of 
a. fundamental nature is lacking. Fundamental mechanics in the forma-
tion of water-stable aggregates in the soil were studied. This was accom-
plished by studying the effect of various controlled factors on the forma-
tion of water-stable aggregates from mixtures of basic soil constituents. 
A wet sieving technique was adopted, using a single screen of 0.25 
mm. openings for the separation. Basic materials, clay, sand, silt, and 
other increments were used. Aggregation was effected by repeated cycles 
of wetting and drying. It was found that the water stability of puddled 
bentonie clay-sand mixtures increased with the number of cycles of 
wetting and drying up to 20, after which segregation of the clay and sand 
began. 
According to E. W. Russell's oriented dipole-cation-oriented dipole 
theory moisture is necessary for the formation of water-stable aggregates. 
Previous workers had noted considerable difference of aggregate stability 
with moisture content at time of sieving. A straight line relationship for 
decreasing moisture content and increasing aggregate stability was ob-
tained for clay-sand mixtures. Four Iowa soils, with moderate clay and 
organic matter content, gave curves with a maximum aggregate stability 
near the moisture equivalent. Aggregate stability decreased with moisture 
contents both above and below this value. Addition of ground alfalfa to 
montmorillonitic clay-sand mixtures produced a moisture-aggregation 
curve similar to that of the soils examined, i.e., a maximum near the mois-
ture equivalent. 
The decrease in stability of aggregates in the moisture range from the 
moisture equivalent to oven-dry condition is attributed to the gradual 
reduction of the available oriented dipole bonds with decreasing moj,sture 
content. At moisture values above the moisture equivalent the excess 
moisture weakens the oriented water linkages because of their extended 
length and attraction of unoriented bonds for oriented ones. 
It was found that the stability of aggregates from puddled clay-sand 
mixtures increased as a logarithmic function of the clay content. It seems 
probable that the smooth curve as found may be actually two curves with 
1 Doctoral thesis No. 753, submitted July 12, 1944. 
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a discontinuity in the vicinity of 30 per cent clay. This discontinuity is 
more pronounced when silt is added. This discontinuity represents, it is 
believed, the region where clay particles, having already established them-
selves at all possible contact points, find no centers for orientation and so 
begin to agglomerate. Such aggregates exhibit very undesirable proper-
ties from the agriculturist's view and cause trouble in aggregate measure-
ments. When silt was added the effectiveness of the clay was reduced at 
the lower concentrations. Attempts to repeat these results with a kaolin-
itic clay failed because water-stable aggregates were not formed by the 
repeated desiccation methods. 
Reduction of the total exchange capacity of bentonite clay as effected 
by KSi03 gave an indication that aggregates formed from this clay are 
less water-stable with decreasing capacity. 
Saturation of the montmorillonitic clay with various ions and subse-
quent use in aggregate formation showed that monovalent, highly hy-
drated, ions gave the most water-stable aggregates. Divalent ions were 
next and trivalent ions gave the least water stability to the aggregates 
formed. Such results are difficult to correlate with general field observa-
tions. Ho'wever, these investigations were concerned only with the isola-
tion of factors influencing the aggregation of basic materials and the 
conditions are not comparable to those in the field. A single effect should 
not be confused with a total result of all causes. As hydration appeared 
to be a dominant factor, aggregates of clay-sand were subjected to sieving 
in a number of organic liquids. The results indicate that the water stabil-
ity of water bonded aggregates is directly related to the dielectric constant 
"e." The greater the value of "e" of a liquid the less stable are the water 
bonded aggregates. Salvation was advanced as an explanation for the 
order of stability of aggregates with homoionic clays. Wet sieving of 
water bonded aggregates in aqueous solutions of several organic liquids 
showed the stability of the aggregates to increase rapidly after the per-
centage of water in the sieving solution had been lowered to a point pecu-
liar for each liquid. 
Fe (OH) 3 gave increased aggregate stability to mixtures of clay 
(bentonite) and sand on desiccation. This stability decreased at first with 
increased drying temperatures due to the destruction of the lattice struc-
ture of the clay and then rapidly increased as temperatures approached 
those of ceramic firing. 
Undecomposed organic material was found to reduce aggregation of 
clay-sand materials. This was attributed to the diluting effect of the sterile 
additions. 
Incubation of bentonite clay-sand mixtures with added organic mat-
ter increments of ground alfalfa and corn stover, both untreated and hot-
water extracted, produced two peaks of water stability of aggregates. 
Both of these peaks follow maximums of C02 evolution by definite inter-
vals and are attributed to the accumulation of decomposition products and 
metabolic wastes of microbial action. The first peak, attributed to de-
composition of easily decomposed materials, is of short duration. The 
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second peak, due probably to the decomposition processes of cellulose-
type materials and to the presence of_ large amount of fungal bodies, is of 
greater duration. The two maximums are not additive. In both cases a 
steady decline in aggregate stability occurs after the peak. 
The particle-oriented dipole-cation-oriented dipole-particle linkage 
theory serves as a basis for the soil aggregation concepts. It is postulated 
that solvation of the cation is necessary for maximum stability in a purely 
inorganic system. Organic matter in colloidal form (by microbial decom-
position) appears to occupy a major role in field soils. 
Distinction between "strong" and "good" aggregation is necessary. 
The interests of the agriculturist are necessary with the latter, yet the 
former is what is generally measured under laboratory conditions. Fur-
ther study of these differences and their application is necessary. 
THE COMPARATIVE LIFTING POWER OF MAGMA FROM FRESH 
AND AGED, PASTEURIZED, AND DEHYDRATED EGGS 
WHEN USED IN SPONGE CAKE1 
CORA F. MILLER 
From the Department of Foods and Nutrition, Iowa State College 
Egg production is not only seasonal but also is carried on in locations 
sometimes distant from the consumers' market. Hence, some means of 
preservation of eggs must be practiced to maintain a constant 3upply. 
Methods of storing shell eggs, freezing liquid eggs, and drying eggs are 
carried on commercially today. In addition, the pasteurization of liquid 
eggs as a pre-treatment for freezing or drying is rapidly being developed. 
This study was undertaken to determine whether eggs that were 
subjected to various storage, pasteurization, pasteurization plus freezing, 
and drying treatments, retained their culinary properties as reflected in 
the quality of sponge cakes made therefrom. The comparative quality 
of the cakes was measured objectively by volume and tensile strength 
values and subjectively by weighted scores of five trained judges. Cakes 
were made by whole-egg meringue method in which a KitchenAid electric 
mixer was used for whipping the eggs. All cakes were prepared, baked, 
and tested under standardized conditions. 
Eight series of cakes with from three to six egg treatments in each 
were replicated five to seven times. Data were obtained on the following: 
the interior quality of shell eggs measured by Haugh unit, 
the quality of whole-egg powder by an estimate of the extent of denaturation of 
egg proteins by determining the proportion of sulfhydryl ·groups exposed, 
the time required to whip whole egg sugar mixes to a definite specific gravity of 
foam, 
comparative stability of egg-sugar foams by rate of drainage of foams, 
pH of egg magmas and sponge cake batters, 
specific gravities of foams and batters, 
weight losses of cakes during baking, 
volumes of cakes by rape seed displacement, 
tenderness of cakes by tensile strength tests, and 
palatability of cakes by weighted l>COres of five trained judges. 
It was found that the interior quality of shell eggs as measured by 
Haugh unit decreased progressively with increased storage time at 25° C. 
(77 ° F.). The quality of whole-egg powder of 5 per cent moisture, de-
creased progressively with increased time in storage at 37° C. (98.6° F.) 
as shown by the extent of denaturation of egg proteins. 
The time required to whip egg sugar foams to a definite specific 
gravity increased with a) storage of eggs in the shell, b) pasteurization 
of liquid eggs, c) drying of eggs, and d) storage of commercial spray-
dried egg. 
1 Doctoral thesis number 776, submitted July 21, 1945. 
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Rate of drainage of egg-sugar foams varied with different egg treat-
ments but was not closely related to cake quality under the conditions of 
this experiment. 
The pH of egg magma was found to increase with a) storing of shell 
eggs, b) pasteurizing of liquid egg, and c) drying of eggs. The pH of 
cake batters in this experiment was not closely related to the pH of egg 
magmas and tended to remain constant at pH 5.0 ± 0.2 unless baking 
powder was added. 
It was found that under the conditions of this experiment, stored 
shell eggs produced cakes of larger volume and more tender structure 
than did fresh shell eggs. Fresh and aged shell eggs produced cakes of 
comparable eating quality as shown by judges' total scores inasmuch 
as cakes made with fresh eggs were scored higher for flavor but lower 
for texture than were cakes made with stored eggs. Increased manipula-
tion of batters made with fresh eggs improved the texture, tenderness, 
and volumes of the cakes. 
The pasteurization treatments given the eggs in this study had no 
deleterious effect on sponge cake quality whether the magma was used 
unfrozen or was frozen after pasteurization. 
The quality of cakes made with spray-dried eggs varied directly with 
the amount of denaturation of egg proteins. The storage of commercial 
spray-dried egg of 5 per cent moisture longer than 7 days at 37° C. (98.6° 
F.) was injurious to its culinary properties. A sulfate-phosphate baking 
powder, when used in cakes made with spray-dried whole egg, caused an 
increase in volume and tenderness of cakes but had no appreciable effect 
on the eating quality of the cakes as shown by judges' total scores. 
Spray-dried eggs from different plants varied in initial quality as 
measured by extent of denaturation of proteins, and produced cakes 
which varied significantly in quality as shown by judges' total scores. 
It was concluded that under the conditions of this experiment, eggs 
could be stored in the shell for reasonable periods of time, pasteurized, 
or spray-dried or a combination of these treatments without destroying 
their foaming power and hence their culinary value. Storage of commer-
cial spray-dried egg of 5 per cent moisture at 37° C. (98.6° F.) for longer 
than 7 days, however, caused an appreciable loss of foaming ability and 
therefore d culinary value. 
EGG GRADING AND CONSUMERS' PREFERENCES WITH 
SPECIAL REFERENCE TO IOWA EGG MARKETING1 
RICHARD LAWRENCE DAY MORSE 
From the Department of Economics and Sociology, Iowa State College 
and the Economics and Sociology Sectio1i, Iowa Agricultural Experiment Station 
I. 
The fundamental assumption made is that economical use of resour-
ces necessitate knowledge of preferences of consumers. 
The purposes of the dissertation are: 
1. To examine the place of grades in the market system. 
2. To develop a basis for formulating grade specifications and 
designations for a commodity. 
3. To appraise techniques and procedures for obtaining informa-
tion of consumers' preferences. 
4. To appraise egg grading practices and legislation with special 
emphasis on Iowa. 
The essential function of the market is to coordinate production with 
consumption; to establish the machinery by which consumers' preferences 
for various qualities, as expressed in price and rates of consumption, can 
be relayed to producers and marketing agents. 
The theory of supply and demand as commonly presented assumes 
knowledge by buyers and sellers concerning prices, quantities and quali-
ties. For this to occur standards are essential. Standards of quantity are 
better developed and recognized than standards of quality. Grading, as a 
means of informing market agents, producers and consumers is an essen-
tial part of an efficient market. 
II. 
Criteria for grades and grading systems pertain to several things: 
1. Grade specifications. 
2. Number of grades. 
3. Modification necessary in view of seasonal shifts in supply and 
demand. 
4. Grade terminology. 
5. Points in the market where grading is needed. 
Consumers' preferences should serve as the fundamental basis for 
grade specifications. Most goods and services are bundles of characteris-
tics, some of which are more important to consumers than others, and 
some of which are so closely related that they may be classified together 
for grading. Grades may be established first by grouping together, for each 
important characteristic, its quality variations which may be considered 
1 Doctoral thesis No. 69la, submitted December 4, 1942. 
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by consumers to be relatively homogeneous and then by ranking these 
groups in an ordinal relation in accordance with consumers' preferences. 
This sorting process could yield an infinite number of grades, and 
grading might result in an uneconomic expenditure of resources. A sound 
rule for determining an optimum number might be: If price and rate of 
consumption resulting from the establishment of an added grade do 
not yield an increase in total net revenue, ceteris paribus, greater than 
the total cost evolving from the extra grading and handling, then the extra 
grade is economically unjustified. 
A large number of grades each with rigid specifications might be 
established and provisions made for combining them. Ten grades may be 
justified and employed in some markets or during some seasons, while 
only three may be justified under other circumstances. Under this sys-
tem the grade specifications are not changed as is currently practiced, ex-
cept over long periods of time; instead, certain grades are added or sub-
tracted to meet the requirements of the market. 
If grade terms are expressed in an ordinal relation by use of letters or 
numbers, the terms will be more easily unders.tood by the public. And if 
the same system of grade terminology is used for many commodities, the 
public will take greater cognizance of the system. 
A common grading system should be used in all markets since all 
markets are concerned with sale to consumers. The problems involved 
and the grades required at each market level are different in detail only. 
III. 
In formulating grade specifications of a commodity, of fundamental 
interest are the ordinal relation of preferences for various qualities and 
their relative intensity, particularly as expressed in prices and rates of 
consumption. 
Surveys of consumers' preferences are of two main types: Consumer 
Surveys and Market Data Surveys, dependent upon whether the source 
of information is the individual consumer or consuming unit such as the 
family, or market data which register mass consumer action. 
Three methods are commonly employed in consumer surveys: (1) 
Observation of consumers while making purchases in stores, with con-
sumers in no way consciously participating in providing information. (2) 
Inventory of products found in homes. (3) Direct questioning of con-
sumers as to what they did, what they think and how they feel about 
various qualities. 
When consumers are questioned, the mail questionnaire or the inter-
view may be used. One particular merit of the direct contact lies in the 
control of the sample which is possible. Interview techniques are ap-
praised, many of the biases and difficulties encountered in the wording of 
questions and the method of presentation are noted, together with possible 
corrective action. Considerable attention is given to displays which supple-
ment the questions to enable consumers to state choices in terms of con-
crete and realistic items and thereby avoid complete reliance upon 
verbalization. 
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Market surveys include a study both of the quantities of various quali-
ties taken off the market and of the prices paid for different qualities. Such 
studies have been undertaken generally to determine from price differ-
entials and rate of sale of products or qualities the advisability of altering 
production or supply. These studies show consumers' willingness to pay 
more for some qualities than for others, thus indicating the ordinal rela-
tionship of consumers' preferences for the qualities. But only if extremely 
limited assumptions are made relative to the homogeneity of consumers' 
preferences, to the relative costs of. production and to the numerical 
weights necessarily assigned to the product characteristics for applica-
tion of accepted statistical procedure, does the market survey method 
give an acceptable measure of the intensity of consumers' preferences. 
The consumer survey and the market data survey if taken in con-
junction yield a more acceptable picture of consumers' preferences than 
either one alone. Certain surveys illustrate clearly this complementary 
relationship. 
IV. 
The sections especially related to eggs present: (1) a review of 
studies made of consumers' preferences, (2) a survey of the marketing 
of Iowa's eggs with an analysis of factors which have retarded satisfactory 
egg grading and effective egg grading legislation in Iowa, (3) a positive 
program for egg marketing in Iowa. 
The surveys show that consumers are conscious of differences in size, 
shell color and yolk color, that they consider thinness of the white, the 
shape and condition of the yolk and the presence or absence of foreign 
objects such as blood clots and meat spots as criteria for discerning the 
quality of eggs. All eggs are not equally acceptable to all consumers and 
some dissatisfaction of present grading exists. Market surveys provide 
similar findings. With regard to egg grades employed in the market, there 
is evidence that certain grade specifications are legitimate and others dis-
pensible in view of consumers' preferences. 
Egg grading is still relatively undeveloped in Iowa, in spite of the fact 
that a large portion of the surplus eggs of Iowa go to markets which em-
ploy some form of grading. 
Most of the middle western egg legislation can be traced back to a 
conference held in St. Louis in 1919 which developed a model "Good Egg 
Law." This law prohibits trade in inedible eggs. All eggs purchased are 
required to be candled before payment is made and graded only as edible 
and inedible. This requires no grading of edible eggs and is the extent 
of compulsory grading in Iowa aside from legislation which prohibits the 
sale of cold storage eggs as fresh. 
Approximately 70 per cent of Iowa farmers sell their eggs to country 
stores which generally buy eggs on a "no grade" basis. A portion is re-
tailed locally and the surplus goes directly or indirectly to carlot shippers. 
Characteristically carlot shippers buy on a "no grade" basis from stores 
and dealers, and only the lesser volume is bought direct from farmers on 
a grade basis. Approximately two-thirds of the eggs bought for shipment 
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are not bought on the basis of grade; and as for the grades that are em-
ployed, there is reason to question their meaningfulness and integrity. 
Consumers' egg preferences are not adequately reflected back to the Iowa 
producer via the pricing process. 
The importance of the country store, farmers' suspicions as to valid-
ity of egg grades, and the failure of farm groups to sponsor legislation and 
demand enforcement immune from politics, all interfere with the expan-
sion of grading. 
A positive program to increase the efficiency of egg marketing in Iowa 
is analyzed. An "Iowa Egg Marketing Commission" is proposed. The posi-
tive program of the commission would be: (1) to promulgate and enforce 
the use of uniform and meaningful grades in all market transactions; (2) 
to establish an educational program to inform all buyers and sellers 0£ the 
import of the grades; to inform producers of changes they might make in 
their production and handling, and to inform consumers as to the mean-
ing of the grades for various consumption uses; (3) to determine the num-
ber of grades needed; ( 4) to publish reliable market information; (5) to 
establish competent, unbiased grading. 
The commission would be established by the state legislature and be 
composed of representatives of all the important economic groups inter-
ested in egg marketing and production in the state, including consumers. 
A. commissioner, responsible to and selected by the commission, would be 
charged with administering and enforcing the rules and regulations pro-
mulgated by the commission and with administering an effective educa-
tional and research program. For enforcement it would have the 
cooperation of the State Department of Agriculture; for education, the 
Iowa Agricultural Extension Service; and for research, the Iowa Agricul-
tural Experiment Station. By such cooperation the services of the already 
organized state agencies could be utilized and coordinated. 
Although the discussion is specifically directed to the problem of Iowa 
egg marketing, it is recognized that egg marketing problems of many 
middle western states are similar, and the criteria established for egg 
grading are not peculiar to eggs-they apply to many products. 
ORGANOANTIMONY COMPOUNDS CONTAINING 
WATER-SOL UBILIZING GROUPS1 
GORDON J. O'DONNELL 
From the Department of Chemistry, Iowa State College 
The importance of organoantimony compounds in the treatment of 
tropical diseases has been known for a conside.rable time. The use of 
organoantimony compounds has proved advantageous in the chemothera-
peutic treatment of leishmaniasis and certain forms of trypanosomiasis. 
With war being waged in areas infested with tropical diseases, a further 
knowledge of organoantimony compounds seemed particularly desirable 
at the present time. 
A review of the literature on organoantimony compounds from 1926 
to 1943 inclusive is given, including tables containing the organoantimony 
compounds reported in this period with their melting or boiling points 
and references to the preparations and attempted preparations of each 
compound. Complexes of organoantimony compounds with ammonia, 
amines, and polyhydric alcohols are also 'included. The preparations, 
· physical properties, and reactions of organoantimony compounds are dis-
cussed in general. Some correlations are made between the methods of 
preparation and physical properties of the other organic compounds of 
the B family of Group V. 
The reaction of three moles of a Grignard reagent with antimony 
tr ichloride was found to be the most convenient method of preparation 
for simple stibines. Using this procedure the following compounds weze 
prepared. 
Tris ( m-trifluoromethylphenyl) antimony was obtained in 60 per 
cent yield as a clear, colorless liquid boiling at 174°-175° C. at 1 mm. 
The density and index of refraction were: d/ 0 = 1.599 and nn20 = 1.5413. 
Tri-p-bromophenylantimony was obtained as an oil in 73 per cent 
yield. Treatment of a chloroform solution of this oil with chlorine gave a 
57 per cent yield of tri-p-bromophenylantimony dichloride, m.p. 184°-
1850 C. Reduction of the dichloride with hydrazine hydrate gave a 90 per 
cent yield of tri-p-bromophenylantimony, m.p. 134°-135° C. Inoculating 
the previously obtained oily tri-p-bromophenylantimony with a crystal of 
the compound obtained by reduction of the dichloride caused the oil to 
solidify. Recrystallization of the solid from a chloroform-petroleum ether 
(b.p. 28°-38° C.) mixture yielded tri-p-bromophenylantimony of the same 
melting point as that obtained by reduction of the dichloride (mixed m.p.). 
Tris (p-2 , 5-dimethylpyrryl-1-phenyl) antimony was prepared in 70 
per cent yield as a light brown solid which sublimed at 235° C., but did 
not melt below 260° C. 
Tricetylantimony was obtained in 75.5 per cent yield as a white solid 
1 Doctoral thesis No. 760, submitted August 23, 1944. 
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melting at 77°-78° C. when recrystallized from petroleum ether (b.p. 60°-
700 C.). Unlike the lower trialkylstibines it did not add chlorine quanti-
tatively to give the expected tricetylantimony dichloride. 
p- (2,5-Dimethylpyrryl-l-phenyl) diphenylantimony (m.p. 83°-84° C.) 
was prepared in 49.8 per cent yield by the interaction of p- (2,5-dimethyl-
pyrryl-1) phenylmagnesium bromide and diphenylantimony chloride. 
(m-Trifluoromethylphenyl) diphenylantimony was prepared from m-
trifluoromethylphenylmagnesium bromide and diphenylantimony chloride 
in 47.7 per cent yield. It was a clear liquid boiling at 181°-182° C. at 1 mm., 
and had the following density aI\d index of refraction: d420 = 1.491 and 
n 0
20 
= 1.6212. 
Unfortunately the Grignard reagent cannot be prepared from com-
pounds havirig very unreactive halogens, or from compounds containing 
functional groups. For this purpose recourse was found in the use of or-
ganolithium compounds prepared either directly from the halide and 
lithium, or by means of halogen-metal interconversion of the halide with 
butyllithium, or .by metalation of the parent hydrocar~on with butyllith-
ium. 
By the reaction of three moles of an organolithium compound with 
one mole of antimony trichloride the following compounds were prepared: 
Tri-4-dibenzofurylantimony (m.p. 243°-244° C.) was obtained as a 
white solid in 80.4 per cent yield. The necessary 4-dibenzofuryllithium was 
prepared by inetalation of dibenzofuran with butyllithium. 
1'ris (p-diethylaminophenyl) antimony (m.p. 225°-226.5° C.) was ob-
tained in 62 per cent yield and was soluble in dilute hydrochloric acid. 
The requisite p-diethylaminophenyllithium was prepared by direct action 
0£ lithium metal on p-diethylaminobromobenzene in ether. 
The attempted preparation of tri-2-pyridylan~imony yielded a prod-
uct melting at 214°-216° C., which analyzed intermediately between the 
calculated valu~ for the stibine and the stibine oxide. 2-Pyridyllithium 
was prepared by halogen-metal interconversion of 2-bromopyridine and 
butyllithium at room temperature. 
Diphenyl (2-dibenzofuryl) antimony (m.p. 125°-128°C.) was obtained 
in 51.5 per cent yield by the interaction of 2-dibenzofuryllithium and di-
phenylantimony chloride. The 2-dibenzofuryllithium was prepared by 
halogen-metal interconversion of 2-bromodibenzofuran and butyllithium. 
The attempted preparation of tri-p-carboxyphenylantimony by means 
0£ halogen-metal interconversion of trf-p-bromophenylantimony and 
butyllithium with subsequent carbonation and working up by conven-
. tional procedures yielded only p-bromobenzoic acid as a result of metal-
metaJ. interconversion having taken place. 
The following procedure for the preparation of aromatic stibonic 
acids was found most satisfactory. An hydrochloric acid solution of the 
aromatic amine was diazotized in the presence of an equivalent amou'nt 
of antimony trichloride with a solution of sodium nitrite. The resulting 
diazonium chloride-antimony trichloride double-salt was filtered and 
prE'.ssed as dry as possible on a Buchner funnel. After suspending the 
• 
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double-salt in an ice-water mixture, copper bronze was added as catalyst, 
and the complex decomposed by slow addition of 10 per cent sodium hy-
droxide solution. After stirring 24 hours the foam usually had abated, 
and the solution was filtered. The stibonic acid was then precipitated by 
acidification of the filtrate with acetic acid. 
By this method the following stibonic acids were prepared: m-tri-
fluoromethylbenzenestibonic acid (19.1 per cent), 4-nitronaphthalene-1-
stibonic acid (40 per cent), anthraquinone-1-stibonic acid (20 per cent), 
2-phenylbenzoxazole-6-stibonic acid (50 per cent), 2-phenylbenzothia-
zole-6-stibonic acid (29 per cent), and 3,6-distibonoacridine (13 per cent). 
These compounds are slightly soluble in water and alcohol when freshly 
precipitated, soluble in alkali, and insoluble in non-polar organic solvents. 
They did not have characteristic melting points and did not melt below 
240° C., although they sintered when held on a spatula over an open 
flame. 
The following amines failed to yield stibonic acids when subjected to 
the same procedure: 2-nitro-1-aminonaphthalene, 2-amino-4'-sulfamylbi-
phenyl, 4-amino-4'-sulfamylbiphenyl, 2-aminoanthraquinone, 3-amino-
carbazole, 3-aminophenanthrene, 3-aminodibenzofuran, 3-amino-N-ethyl-
carbazole, 2-aminobenzothiazole, 4,4'-diaminodiphenylsulfone, 4-aminodi-
phenylsulfone, and 3,5-dimethyl-4-aminopyrazole. 
In an attempt to find a characteristic derivative of stibonic acids in 
general, the thallium salt of benzenestibonic acid was prepared by titrat-
ing an alcoholic solution of benzenestibonic acid with thallous hydroxide . 
A shiny, yellow precipitate formed which did not melt below 270° C. 
A low yield of benzenestibonic acid was obtained by the decomposi-
tion of benzenediazonium chloride-antimony trichloride double-salt in al-
cohol using copper bronze as catalyst. 
SOME CHEMICAL, PHYSICAL, AND PALATABILITY CHANGES 
IN CERTAIN FATS AFTER PROLONGED STORAGE1 
ANDREA JOHNSEN OVERMAN 
From the Department of Foods and Nutrition, Iowa State College 
Four fats, a prime steam lard, a bydrogenated vegetable shortening, 
a processed pork fat and a processed lard, have been studied before and 
• after a storage period of more than 2 years as to: 
(1) the extent and rapidity of some chemical and physical changes 
during use of the fats for frying doughnuts. 
(2) some of the chemical and physical characteristics of fat absorbed 
by successive fryings of doughnuts 
(3) the comparative palatability of doughnuts fried in each fat. 
Doughnuts were fried in the different fats after the fats had been 
stored for six months, and again after a storage period of two years. A total 
of twelve batches of doughnuts of one dozen per batch were fried in each 
fat. 
The prime steam lard and the vegetable shortening were stored at 
refrigerator temperature; whereas the processed pork fat (G.M.U.) and 
processed lard (G.M.12) were kept at room temperature throughout the 
storage period. 
The iodine number (Hanus), the free fatty acids (per cent oleic) and 
the refractive index were determined on samples of each fat taken at the 
start of each test period (i.e. before and after 2 years of storage) and on 
samples taken after frying each dozen doughnuts. The smoking point was 
determined on samples of fat taken at the start of each test period and on 
samples taken after frying 6 dozen doughnuts and after frying 12 dozen 
doughnuts. The stability to oxidation was determine~ on samples taken 
at the beginning of each test period by means of the Swift Stability test. 
The iodine number, refractive index, and free fatty acids were de-
termined on fat extracted from doughnuts. Volatile acids were determined 
on. fat extracted from doughnuts fried in prime steam lard after the stor-
age period. 
Palatability of doughnuts fried in the different fats was determined 
by scoring. 
The following observations were made: 
1. Changes in the fats in the 2-year period were slight, either in 
chemical constants or in palatability. The chief difference in chemical 
constants was a higher peroxide value of all fats after two years of 
storage; and a higher free fatty acid content of the prime steam lard. 
2. The fats were as stable to chemical change during frying of dough-
nuts.as judged by lowering of iodine number, lowering of smoking point, 
'Doctoral thesis number 775, submitted July 7, 1945. 
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increase in refractive index and increase in free fatty acids, after 2 years 
of storage as when tested before storage. 
3. When used for frying the following trends in chemical constants 
were observed: 
a. Iodine numbers decreased with increased use of each fat. The 
same trend appeared in fat extracted from successive lots of 
doughnuts. 
b. Refractive index increased with increased use· of each fat, both 
for kettle fats and fat ex!-acted from the doughnuts. 
c. Free fatty acids increased with increased use of each fat, both 
for kettle fat and extracted fat. 
d. Some breakdown of the carbon chain of prime steam lard dur-
ing use of the fat for frying doughnuts is indicated by the pres-
ence of volatile acids both in the fat used for frying and in the" 
fat extracted from doughnuts. The plotted data of the volatile 
acids follows the curve of the total free fatty acids, indicating a 
relationship between the two. 
e. The smoking point was lowered with increased use of each fat 
for frying. A high smoking point appeared to correlate with a 
low free fatty acid content of the fat. The rapidity of increase of 
free fatty acids appeared to be related to rapidity of drop in 
smoking point. Free fatty acids increased more rapidly and 
smoking point dropped more rapidly with use of the fats for 
frying when the initial free fatty acid content of the fats was low 
and initial smoking point high. 
4. The fats extracted from doughnuts showed lower iodine numbers, 
and higher refractive indices than corresponding kettle fats. 
5. No significant relationship was found between fat absorption by 
doughnuts and free fatty acid content of the fats in which the doughnuts 
were fried. 
DENATURATION OF EGG PROTEINS 
I. EFFECT OF HEAT TREATMENTS ON VISCOSITY OF 
LIQUID EGG PRODUCTS1 
SOLEDAD RA.Mos PAYAWAL 
From the Departments of Animal Husbandry and Foods and Nutrition, 
Iowa State College 
This investigation of some of 'the problems involved in the preheat-
ing of liquid egg products (whole egg, egg white, and egg yolk) was 
undertaken to determine to what extent preheating could be employed 
without causing a very marked change in the physical and chemical 
characteristics of liquid egg. Any marked changes in physical and chem-
ical properties would alter the culinary functions, i.e., the foaming, thick-
ening, or emulsifying properties of the egg products. Pre4eating liquid 
egg prior to spray-drying offers several advantages. It ultimately im-
proves the keeping quality of the dry product. It also permits the use 
of lower inlet-air temperatures in the spray-drying process, a more 
rapid attainment of high temperature in the egg particle, greater ease 
of atomization, and more rapid drying. 
The term denaturation as used herein indicates the first step of 
coagulation, i.e., the deformation of the globular protein. Obviously, the 
effect of preheating of the liquid egg products would be the denaturation 
of the proteins and eventually coagulation, if the temperature were high 
enough or the holding time sufficient. Since the time and temperature 
of heating affect the extent of heat denaturation of egg proteins, the study 
involved the following problems: 
A. To devise a process of heating whereby: 
1. The liquid egg could be heated to the desired temperature 
within the short~st time possible. 
2. Every particle of the sample could be held at the desired 
temperature for varying periods of time. 
3. The sample could be completely cooled within a short time. 
B. To select a sensitive method that could be used with conven-
ience and good reproducibility to measure the progress of heat 
denaturation of the liquid egg proteins preheated to different 
temperatures for varying periods of time. 
The process of heating was accomplished by the use of a high-
velocity heat exchanger similar to a flash pasteurizer (except that coils 
were of glass) used for flash heating of fruit juices. 
Viscosity, as determined by a capillary viscomter, was chosen as a 
criterion in following the progress of heat denaturation. It was found 
to be a sensitive index of denaturation. . 
1 Doctoral thesis No. 755, submitted July 14, 1944. 
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DENATURATION AS A FUNCTION OF TEMPERATURE OF HEATING 
Denaturation of whole egg (studied at 56°, 62.5°, 64.5°, 66°, 67°, 
68°, 69°, 70°, 71°, 72°, and 73° C.) occurred within the temperature range 
56°-66° C. Viscosity increased with rise in temperature until 66° C. 
was reached. At temperatures above this range, fractional heat denatura-
tion and fractional heat precipitation of the proteins were indicated by 
an irregular viscosity-temperature relationship. Above 73° C., whole 
egg coagulated almost instantaneously. 
In liquid egg white, the extent of denaturation was observed at 58°, 
60°, 62.5°, 63°, 64°, 65°, 66°, 67°, 68°, and 70° C. The viscosity of egg 
white was a linear function of the temperature of heating up to 62.5° C. 
Above 62.5° C., the curve became irregular. This irregularity of the 
viscosity-temperature curve indicated the rise and fall of viscosity which 
was observed when precipitation of the proteins occurred. Viscosity was 
greatest at 63° C. and at 66° C. At these two temperatures, no turbidity 
was obs~rved in the liquid white; however, a gelatinous mass collected 
on the top of the liquid. Evidently, at these two points, viscosity was 
greater than that at other temperatures of heating because of the absence 
of considerable precipitation. 
The denaturation (observed at 62.5°, 65°, 66°, 68°, and 70° C.) of 
liquid egg yolk within the temperature range 62.5°-70° C. was character-
ized by an increasing rate as the temperature was raised. However, no 
drop in viscosity was observed in yolk before the onset of coagulation. 
The increase in viscosity became greater at the higher temperatures, until 
a maximum viscosity was reached at 70° C., above which the sample 
coagulated almost instantaneously. 
Denaturation progressed at unequal rates, starting at lower tempera-
tures for whole egg and for egg white than for yolk. It is commonly 
accepted, at the present time, that egg white contains five and egg yolk, 
two proteins. 
DENATURATION AS A FUNCTION ~F TIME AND HEATING 
The effect of time of heating on denaturation of liquid whole egg 
was observed at 56° (40 to 85 minutes), 62.5° (0 to 370 seconds), 64.5° 
(0 to 300 seconds) , and 66° C. (0 to 117 seconds). No change in viscosity 
was detected at 56° C., even after a holding period of 85 minutes. For 
the other temperatures studied, the increase in viscosity was found to be 
linear with time of heating. The rate of denaturation was slow at the 
lower temperatures; with rise in temperature, the increase in rate was 
found to be disproportionately greater, reaching a maximum at 66° C. 
A linear viscosity-time relationship was shown by liquid egg white 
at 58° C. and 60° C., but. at 62.5° C., the region of denaturation was 
very short. (Time of holding, 0 to 464 seconds at 58°; 0 to 186 seconds 
at 60°; and 0 to 445 seconds at 62.5° C.) Beyond a certain period of 
heating (46 seconds) at 62.5° C. , a drop in viscosity occurred which was 
accompanied by turbidity, flocculation, and coagulation of the egg white 
proteins. 
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The drop in viscosity with time of holding also may be explained by 
the fractional precipitation of various proteins· at different periods of 
heating. The precipitation of the proteins ·Would decrease the protein 
content of the system, and therefore, decrease the viscosity. For a par-
ticular protein, this decrease in viscosity may indicate the end of denatur-
ation and the beginning of precipitation, the second step in the process of 
heat coagulation. 
At 62.5° C., viscosity of liquid egg yolk was a linear function of the 
time of heating (0 to 658 seconds at 62.5° C., and 0 to 477 at 65° C.). 
However, beyond a certain period of heating (300 seconds) at 62.5° C. 
a drop in viscosity was observed. At 65° C., viscosity was not linear with 
time; it increased very rapidly until a maximum viscosity was reached 
at 200 seconds. Beyond this point, a drop in viscosity was observed before 
coagulation occurred. 
An explanation of the decrease in viscosity shown by liquid egg yolk 
as a function of the period of heating is attempted on the basis of the 
behavior of the constituents of the liquid yolk, namely, the yolk proteins, 
the fat present as an emulsion, and the lecithoprotein, which is the emul-
sifying constituent of egg yolk, as they are affected by heat. The proteins 
of the yolk possibly become irreversibly desolvated on exposure to heat, 
the degree of desolvation probably being a function of the time of heating. 
Hence, a drop in viscosity is observed. With increased periods of heating, 
a further decrease in viscosity may indicate an increasingly greater de-
gree of desolvation of .the micelles so that coagulation occurs almost 
instantaneously with an increase in heating time. 
The fat content of egg yolk is present as an emulsion. The stability 
of this emulsion may be affected by heating. During the heating period, 
the fat globules probably increase in size and become unstable. Heating , 
may also affect adversely the emulsifying properties of the lecithoprotein, 
r esulting in a coalescence of the fat globules and hence, the decreased 
viscosity of the system. With further heating, separation of the phases 
may be brought about, and this is reflected in a progressive drop in vis-
cosity until coagulation occurs. 
RELATIONS OF HORMONES TO CORRELATION IN MAIZE1 
MARION ANTOINETTE RICHARDS 
From the Department of Botany, Iowa State College 
Seedling maize plants show a well developed correlation between 
the growth of the coleoptile and first internode, and of the other organs 
of the plumular axis. Coleoptile growth is prominent iri the early stages 
of germination with a gradual shift to rapid intercalary growth in the 
first internode at a point just below the coleoptilar node. During these 
phases growth of the plumule and the nodal roots is largely inhibited. 
Under field conditions the emergence of the coleoptile tip marks the sud-
den, irreversible end of internode growth and the beginning of rapid 
growth of the plumule and nodal roots. 
The present research was undertaken to clarify the relationships 
involved in these growth shifts, and particularly to study changes in the 
hormone production of maize coleoptile tips under illumination and their 
correlation with various growth responses. We have been interested 
also in changes in hormone production with senility, since the shift to 
plumule development is eventually made, even in complete darkness, 
under conditions which suggest that the aging coleoptiles are no longer 
effective inhibitors of plumule growth. 
Maize seedlings were grown in complete darkness except for the 
minimum exposure to phototropically inactive red light necessary for 
manipulations and measurements. Illuminated plants were held for 
specified periods in the light of an incandescent (Mazda) lamp at a dis-
tance which gave a measured intensity of 100 fc., or at a distance .from 
a metal-cored carbon arc (Everready #389) which gave a measured 
intensity of 50 fc. on a Weston meter. Auxins were measured by the 
Avena method and recorded as degrees of curvature of the test coleoptiles. 
Results of experiments with Mazda illumination are given in Table 
1. These data show that with increasing Mazda illumination there was 
TABLE 1 
EFFECTS OF MAZDA ILLUMINATION ON GROWTH OF MAIZE SEEDLINGS-AVERAGE 
OF NINE EXPERIMENTS 
Period of lnternode Degrees Curvature-
Illumination Axis Length in mm. Plumule Hormone Test 
Control. .. ... ... . . 155.2 55 .0 100 . 2 20.5 
1 hour . . .. . .. . . . .. 157.9 42.2 115 . 7 12.0 
6 hours . . . . ... . . .. 149 . 2 28. 5 t 120 . 7 • 8. 5* 
24 hours .. ....... . 161 . 1 9. 9t 151. 2 * 6. 7* 
*Variation from control significant. 
f Variation from control highly significant. 
1 Doctoral thesis No. 774, submitted June 12, 1945. 
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a progressive decrease in the final length of the internode and progressive 
increase in length of the plumule. Hormone measurements showed a pro-
gressive decrease with illumination. The data suggest that light striking 
the coleoptile of maize reduced ' ho:r'mone activation at the tip and caused 
a shift from internode to plumule growth. Results with carbon arc illum-
ination varying from one to twenty minutes were comparable. 
Studies of the growth of the internode as affected by various treat-
ments of. the coleoptile also indicated a correlation between coleoptile 
activity and internode growth. Results are given in Table 2. These data 
show that the greatest growth was in the first millimete~ of the internode 
TABLE 2 
l NTERN OD E GROWTH OVER MILLIMETE R I NTERVALS BELOW THE N ODE ; SEE DLINGS WITH 
T REATED AND UNTREATED C OLEOPTILES 
Mm. Iotervals 1 2 3 4 5 6 7 8 9 10 Total 
--------------------
Uncut controls .... . 12 .1 6 .0 4 .0 2 .5 1. 5 1.0 0.8 0 .7 0 .6 0.1 29 .3 
Cut controls . ...... . 6 .0 3.5 2 .0 0 .9 0.4 0.1 0 .0 0.0 0 .0 0 .0 12.9 
Cut and r eplaced * .. 7. 5 4 .8 2 .6 1. 7 1 .2 0 .9 0 .6 0 .4 0 .1 0 .0 19 .8 
Cut short plus 
old tip * ......... 2 .7 1.8 0 .9 0.4 0.3 0 .2 0 .0 0 .0 0 .0 0 .0 6 .3 
* Coleoptile tips, ca. 3 mm., cut away and cemented back with warm agar. Controls 
with agar only, and in last treatment 1 cm. tips were replaced with tips of old plants in which 
internode growth had stopped . 
below the coleoptilar node. Decapitation reduced growth of the inter-
node, but when the removed tip was replaced the growth compared more 
favorably with controls. Old tips on short stumps (1 cm. of tip removed 
to reduce regeneration) were ineffective. 
When hormone tests were made on seedlings which were kept in 
the darkroom throughout, it was evident that the shift from internode 
to plumule growth could not be explained in terms of auxin alone. The 
effect of the age of the seedling is shown in Table 3. Hormone production 
by coleoptiles decreased with aging, but the growth shift from internode 
to plumule in undisturbed plants clearly preceded the hormone drop. 
TABLE 3 
CHANGES IN GROWTH AND HORMONE CONTENT WITH AGE OF THE SEEDLINGS 
Day Axis Internode Coleoptile Plumule Hormone 
---
1. .. .. . 16 .9 10.2 6 .7 0 .0 18.6 
2 ...... 79 .4 54 .8 24 .6 0 .0 27.2 
3 ...... 156 .5 108 .6 42.3 5.6 18.7 
4 ...... 208 .9 134 .9 56.9 17 .1 22 .0 
5 . .. .. . 256.0 134 .9 62.3 58.8 11.0 
6 ...... 288.0 134.9 62 .3 90 .8 1. 9 
7 ...... 333.8 134 .9 62 .3 136 .6 0 .42 
8 ... . .. 372.1 134.9 62.3 174 .9 0 .25 
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Further experiments were performed to study the correlative effects 
of added auxin. Particular attention was paid to the point at which 
mesocotyl growth stopped and whether the growth of the mesocotyl 
could be continued once it had stopped. Results are given in Table 4. 
TABLE 4 
G R OWTH CORRELATION IN MAIZ E SEEDLING. DATA ARE L E NGTHS IN MM . 
Tip Uncut (control) Added Auxin on Tip • Hormone 
Test 
Day Internode Coleoptile Plumule Internode Coleoptile Plumule (control) 
1. . ... 21. 7 14 . 1 0.0 22 .0 14 .0 0 .0 28.0 
2 ..... • 44 .4 33.0 0 .0 55. 5 37. 2 0 .0 28.8 
3 . .. .. 62 .8 45. 7 12.9 67 .0 60 .0 0 .0 20.4 
4 .. ... 65 .4 57.7 23 .9 69 .5 81 .0 0 .0 19 .3 
5 .. .. . 67. 0 60 .0 65 .8 69.5 88 .5 1 .2 23.7 
6 .. . .. 68 .8 61 .4 106 .2 69.5 91 .3 36 .9 5 .1 
7 .. ... 68 .9 61 .7 122 .9 69 .5 92 .5 45 .3 15. 7 
Added auxin delayed plumule development and increased coleoptile 
elongation without affecting the internode. It is notable that once inter-
node growth had stopped it did not start again, even with fresh applica-
tions of synthetic auxin. In other words, the change was not reversible. 
SUMMARY AND CONCLUSIONS 
When young maize seedlings were irradiated with either Mazda or 
carbon arc light the hormone output by the coleoptile tip was reduced, 
internode growth slowed and stopped, and plumule growth was accel-
erated. The order and magnitude of the changes were consistent with 
the hypothesis that internode growth of germinating maize is dependent 
upon hormones activated in the coleoptile tip, and that piumule develop-
ment is retarded or inhibited by the same hormones. Hormone output 
by the irradiated coleoptile tips recovered within 24 hours, but the growth 
shift from internode to plumule, once established, was irreversible. 
In experiments with seedlings of different ages, untreated coleoptile 
tips or added indoleacetic acid prolonged and increased internode growth. 
But hormone, added after growth had shifted from normal aging effects, 
did not reverse the growth. Removing short sections of the coleoptile tip 
reduced internode growth less than the removal of 1 cm. sections. 
Growth of the internode was shown to be due to both cell division 
and enlargement in the region just below the coleoptilar node. Nearly 
half of the total growth was made in the first millimeter below the node. 
Internode growth stops in from 5 to 8 days in plants held in complete 
darkness. This growth shift with aging was normally accompanied by a 
reduced hormone output although the difference was not always clear-
cut. Plumule growth and emergence in intact seedlings clearly preceded 
the normal hormone drop. The data suggest that while the shifts caused 
by illumination of young seedlings may be due to a temporary reduction 
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in hormone concentration, other factors are active during aging which 
eventually bring about the internode to plumule shift in spite of high 
natural and added hormone concentrations. As before, all attempts to 
reinitiate internode growth resulted in failure . 
The observed reactions can be covered by an aging hypothesis wpich 
assumes that internode growth slows with time after germination. High 
hormone content from the coleoptile tip is considered to retard this aging 
process but not to stop it, so that internode growth stops after 6 to 8 days 
at 25° C. in the intact plant in the dark, irrespective of hormone concen-
tration. This growth may be arrested at any earlier date, however, by 
a temporary reduction in hormone concentration. Once stopped the hor-
mone level that was sufficient to prolong growth is not high enough to 
restart it. In the same way growth hormones retard plumule and nodal 
root growth without completely inhibiting them, so that the plumule may 
emerge from the coleoptile during the period of maximum hormone pro-
duction. Again, however, a temporary removal of this inhibiting effect 
will greatly accelerate plumule development. 
HYPOPHYSECTOMY AND ITS PHYSIOLOGIC EFFECTS 
IN THE PIG (SUS SCROF A DOMESTICA) 
LoRENZ EDWARD ST. CLAIR 
From the Department of Veterinary Anatomy, Iowa State College 
Little research has been done on the structure and functions of the 
pituitary gland in farm animals. Although the findings have been similar 
, in all the other animals investigated, certain differences do exist. The 
only sure method of determining the functional significance of a gland is 
to observe animals from which it has been removed. In this preliminary 
investigation of the pituitary gland of the pig, much time was spent in 
establishing its normal structure and relations. Anatomical considerations 
influence the operative procedure in performing hypophysectomies. 
A parapharyngeal and a temporal approach were developed to re-
move the pituitary gland from living animals. The latter proved to be 
the more satisfactory method. Seven males and four females were hypo-
physectomized. Of these, five were considered to have the gland com-
pletely removed. All of the animals were sexually immature except one 
female which was pregnant. After at least two months, the animals 
were electrocuted and the endocrine glands were examined histologically 
and compared to those of normal controls. 
The hypophysis cerebri of the pig consists of the pars distalis', the 
pars tuberalis, the pars intermedia, and the pars nervosa. The pars inter-
media and the pars nervosa together form the posterior lobe which is 
separated from the pars distalis (anterior lobe) in part by the residual 
lumen of Rathke's pouch. 
The pars distalis makes up about 61 per cent of the gland. It is antero-
ventral in position and surrounds the posterior lobe except posteriorly 
and dorsally. Its cells occur in closely packed groups separated from 
other groups by thin connective tissue septa. Three cell types are recog-
nized: basophils, acidophils and chromophobes. The basophils are least 
numerous, averaging about 11 per cent. They are usually the largest 
although some are smaller. They are ovoid to round in shape. The cyto-
plasm stains slightly basophilic to deeply basophilic and contains small 
granules. The acidophils are smaller and more irregular in shape. They 
usually make up about 39 per cent of the cells in sexually immature pigs, 
53 per ceht in sexually mature females, and 57 per cent in sexually ma-
ture males. The granules are large and acidophilic. The cytoplasm of 
the chromophobes usually stains slightly basophilic but may be so pale 
that only the nucleus can be recognized. They are variable in size and 
shape. About 50 per cent of the cells in sexually immature animals, 36 
per cent in sexually mature females, and 32 per cent in sexually mature 
males are chromophobes. The nuclei of all three cell types are oval to 
'Doctoral thesis number 777, submitted July 23, 1945. 
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round in shape and vesicular. The central area of the pars distalis except 
near the cleft and the area near the pars tuberalis are poor in acidophils 
and rich in basophils. The acidophils are most ·numerous in the lateral 
and distal areas. The chromophobes are evenly distributed. Mitoses are 
rarely seen. Many blood sinusoids and some colloid are present. Castra-
tion cells are not found. 
The cells of the pars tuberalis, which compose about 7 per cent of 
the pituitary glap.d, are arranged in irregular groups or even acini with 
intervening connective tissue and are chromophobic or slightly baso-
philic. Sinusoids and colloid vesicles are numerous. The pars tuberalis 
caps the anterior portion of the pars distalis and extends along the in-
fundibular stalk to the brain. It is thickest anteriorly as it surrounds the 
infundibular stalk and is continuous with the pars intermedia distally. 
The pars intermedia, which occupies about 7 per cent of the gland's 
volume, surrounds the pars nervosa except dorsally and posteriorly 
where it is thin or · absent. Dorsal to the residual cleft it spreads out 
slightly into the pars distalis. The cells are arranged in cords and are 
slightly basophilic. Sinusoids and vesicles containing colloid and cellular 
debris are numerous. 
The pars nervosa, which makes up about 25 per cent of the gland's 
weight, lies with the pars intermedia in the concavity of the pars distalis. 
The enlarged distal end projects slightly beyond the anterior lobe; the 
narrow neck (infundibulum) is continuous with the tuber cinereum. 
The infundibulum contains a diverticulum of the third ventricle. Many 
radiating capillaries are present but nerve fibers and glia cells make up 
the bulk of the lobe. Small hyalin or colloid deposits are often present. 
The pituitary gland lies in the hypophyseal fossa or sella turcica with 
the infundibular area dorso-anterior and the distal portion po!'iterior. The 
gland capsule and duro-periosteal sheath adhere to each other but can 
be easily separated except at the caudal extremity of the posterior lobe. 
The subdural and subarachnoid spaces are not present around the gland 
except at and slightly posterior to the infundibular stalk. The dural dia-
phragma sellae is very incomplete since the thick dura mater extends 
forward only slightly from the posterior clinoid processes. Since the gland 
lies on the floor of the fossa only anteriorly, the dura which contacts the 
gland ventrally is separated from the periosteum whiCh lines the fossa. 
The blood supply is derived by way of the superior hypophyseal ar-
teries from the internal carotid and posterior communicating arteries to 
the infundibular stalk, pars tuberalis and pars distalis, and by way of the 
inferior hypophyseal arteries from the rete mirabile in the intercavernous 
sinus to the posterior pole of the gland. Blood returns from the pars 
distalis, stalk and pars tuberalis to the cavernous' sinuses and from the 
posterior lobe to the intercavernous sinus. The blood sinuses which con-
tain the rete mirabile occupy the area between the dura, which is in 
contact with the gland, and the periosteum of the fossa. 
If more than a very few anterior lobe cells remain after hypophysec-
tomy in the pig all the effects of complete removal of the gland are not 
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seen. If the portion remaining can be detected grossly, few or no effects 
of pituitary deficiency are found. 
Growth is inhibited when the anterior lobe is absent. The animals 
often become very fat. 
The cells of the seminiferous tubules of the testes in hypophysec-
tomized immature animals do not develop into spermatazoa. The inter-
stitial cells are also affected causing a lack of development of the acces-
sory genital organs. 
The ovaries of immature female pigs remain small after hypophysec-
tomy and the follicles do not become large. In mature females the large 
follicles become atretic and estrus does not occur. The corpora lutea 
which are present at the time of the operation do not persist. Apparently 
very few anterior lobe cells are necessary to maintain pregnancy, but 
milk is not secreted. Parturition can occur normally without the presence 
of tlie posterior lobe. After hypophysectomy in the immature female, the 
uterine glands remain few in number and the vaginal epithelium stays 
thin. 
The thyroid epithelium becomes low cuboidal in type after hypo-
physectomy. The follicles may be small with much interfollicular tissue 
or large and distended with colloid. The latter type is found in animals 
that become very fat. 
The adrenal glands apparently do not always show signs of anterior 
pituitary deficiency. When adrenal cortical atrophy does occur, the 
glomerular zone is not involved. 
Definite atrophy of the thymus was not seen after hypophysectomy. 
More of the anterior lobe must be present to maintain some functions 
than others. 
CORRELATIVE DEVELOPMENT OF THE EAR SHOOT 
OF MAIZEl 
P IERRE GEORGES SYLVAIN 
From the Department of Botany, Iowa State College 
The main purpose of the present study was to ascertain the physical, 
chemical and histological changes occurring in cobs and shanks of maize 
subsequent to bagging and thereby to determine the physiological effects 
of grain formation upon growth and differentiation of these organs. The 
action of hormones having been suggested as a possible cause of the 
physiological effects of fertilization upon metabolism, experiments were 
designed to obtain some indication of the effect of the application of a 
synthetic growth substance upon the development and chemical compo-
sition of the ear shoot. 
A field of U . S. No. 35 hybrid corn, planted in the spring of 1943 
on a Webster loam soil of the experimental plots of the Botany Section 
at Ames, Iowa, was used for these investigations. The controls and treat-
ments covered 15 rows, each of the two treatments being repeated five 
times alternating with each other and a line of controls being left each 
two rows. One of the treatments consisted of bagging the ears as soon 
as the shoots pushed through the ligules, between July 24 and August 
2, while the other consisted first of bagging the ear shoot as for the prev-
ious treatment. On three later dates, August 2, August 6 and August 16, 
the silks of these ears were cut back and the cut ends covered with 
lanolin paste containing indoleacetic acid at a concentration of 0.2 per 
cent. 
Twenty samples of cobs and shanks of the control and each treatment 
were collected at three different periods, approximately late silking, milk, 
and mature stage, on August 2, August 14 and 15, and September 20. 
At mature stage the husks also were collected. The cobs were scraped 
or shelled to remove the ovules or seeds. For the first sampling each 
series of cobs and shanks was divided into two lots of ten each and the 
total green weight of each lot was rapidly recorded. For the other sam-
plings each cob and shank was weighed separately, and at maturity the 
husks also were weighed. The samples were killed by autoclaving for 
5 minutes at about 5 pounds pressure and dried to constant weight in 
a vacuum oven at a temperature of 70° C. The dry weights were then 
recorded and the length, diameter, and breaking strength of each cob 
and shank of the two last series were measured. 
As to the methods of analysis the outlines indicated in Loomis and 
Shull's Methods in Plant Physiology were generally followed. Lignin 
was determined by treating the residue from 1+ 20 HCl hydrolysis with 
cold 72 per cent sulfuric acid for 28 hours, and at the end of this period 
1 Doctoral thesis No. 758, submitted August 23, 1944. 
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boiling it for 2 hours after high dilution with water, filter ing, drying and 
weighing. 
The samples for histological materials were collected on August 4, 
August 16, and September 20. The histological techniques of killing, in-
filtrating, embedding, staining, etc., were generally those described in 
Sass, Elements of Botanical Microtechnique. 
The data of Table 1 show that grain formation resulted in cobs with 
a higher green and dry weight, a greater volume and a much higher 
TABLE 1 
S U MMARY OF EFFECTS O F DIFFERENT TRE ATMENTS ON THE PHYSICAL CHARACT ERISTICS OF 
COBS AND SHANKS AT MATURE STAGE 
T reatment I 
Control. .. .. .. 
Bagged . . . .. . . 
Hormone ... .. 
Control. .... .. 
Bagged . .. . ... 
Hormone ... . . 
Green W eight 
(gm.) 
. . . . . . . . . .. . .. .. 
106. 2 ± 4 . 4 
110.8 ± 5 .7 
41 . 2 ± 4 .8 
60 . 5 ± 5 .6 
66. 7 ± 4 . 1 
Dry W eight 
(gm. ) 
Cobs 
38.0±2 . 2 
21 . 3±1 . 1 
20. 3±0 . 9 
Shanks 
6 .2±0 .7 
13 . 4 ± 1.4 
14 .7 ±0 .8 
Volume 
(ml. ) 
105 .7±4 . 6 
60 . 3 ± 2 .6 
59 .2±2 . 2 
10 .2 ± 2.9 
17 . 9±1.9 
18 . 6±1. 7 
Breaking Strength 
(k.g) 
33 .7 ±2 .6 
9 .2 ±0. 5 
9 .0±0 .7 
6 .0±0.8 
9 . 3 ± 0 .8 
11 .6±1 . 3 
breaking strength than those of bagged shoots. In chemical composition 
(Table 2) the cobs with grain had a higher percentage and actual amount 
of complex polysaccharides (acid hydrolyzable carbohydrates, cellulose 
and lignin) and less reducing sugars, sucrose, total sugars, nitrogen and 
ash. The shanks of the ear shoots with grain, on the other hand, had a 
lower dry weight and. a lower breaking strength, higher percentage, but 
lower actual amount, 0£ polysaccharides and a lower amount of sugars. 
The differences in dry weight and volume of cobs subsequent to bagging 
show that pollination and fertilization result in a metabolic gradient 
affecting translocation towards the fruit, monopolizing foods in confirma-
tion of the work of previous investigators. The differences in breaking 
strength and polysaccharides can be summarized by the statement that 
a greater differentiation is manifested in the cobs bearing fruits . The 
effect on differentiation may be due to the presence in pollinated ear 
shoots of substances of hormone or enzyme type favoring the condensa-
tion of sugars into more complex polysaccharides. The accumulation of 
sugars, nitrogen and ash in bagged shoots is probably due to the lack 
of translocation to the normal storage organ and, for the sugars, also to 
a deficiency in the mechanism of synthesis of complex polysaccharides. 
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TABLE 2 
SUMMARY OF DATA SHOWING AVERAGE CHEMICAL COMPOSITION OF COBS AND SHANKS AT 
MATURE STAGE. PERCENTAGE OF DRY WEIGHT BASIS 
Fraction 
Reducing sugars ... . .. .. . . 
Sucrose ...... ... . 
Total sugars ... . .. .. .. .. . 
Acid hydrolyzable . ...... . 
Cellulose .. . .. .. . .. . . .. . . 
Lignin ... .. .... . . . . . . .. . 
Nitrogen .... . ... . .. .. .. . 
Ash .... . . .. .... ... . ... . . 
Reducing sugars . . . . .. .. . . 
Sucrose . ....... . ... . . .. . 
Total sugars ... .. . . . . ... . 
Acid hydrolyzable .. 
Cellulose .. .. .. . . . ... . . . . 
Lignin .... .. ... ... .. ... . 
Nitrogen ........ . ...... . 
Ash . . ........ . . ........ . 
Control 
5. 9 ±0 . 8 
1.0±0.4 
7.4±0.7 
31 .2±0.6 
32.9±0 . 6 
9.4±0. 3 
Cobs 
0. 30 ±0. 04 
1. 23 ±0 . 07 
Shanks 
20 . 5±1 . 2 
5.8±1.3 
27 .2±1.8 
17.8±0.9 
20. 9±0.6 
5.0±0.3 
0.57±0.02 
4.54±0.2 
Bagged 
18 .6±1.3 
6.4±1.1 
26.1±1.5 
21.7±1.2 
15.0±0.9 
3.8±0 . 3 
1.75±0.1 
4 . 32±0.4 
18 .4±1.0 
12.8±1.2 
32.3±1.5 
13.9±0.5 
11.4±0 .5 
4. 7±0.4 
2.13±0.09 
3.16±0.2 
Hormone 
5 . 7±0. 7 
21.6±1.1 
29 . 0:I:1 .1 
21.5±0.9 
15 .1±0.6 
3 . 6±0.4 
1 .85±0.05 
3.91±0.06 
18.6±1.2 
13.6±1.4 
33.2±1.5 
13 .7±0.4 
12.9±0.7 
4.1±0.3 
2.14±0.08 
2.91±0.1 
The application of 0.2 per cent indoleacetic acid resulted in cobs 
with a lower reducing sugar percentage compared to those of the un-
treated, bagged ear shoots (Table 2). The variations in actual amount 
of sugars also were marked. The husks of the treated ear shoots had a 
higher green and dry weight than the untreated ones. 
Several differences were found in the seasonal development of the 
ear shoots producing grains and those in which fruiting was prevented. 
The cobs producing grain developed rapidly and 2 weeks after pollina-
tion, when the grain was in the milk stage, these cobs were 2.5 times as 
heavy as those of the bagged plants. The bagged cobs continued to gain 
in weight while those producing grain showed little further change in 
the next 5 weeks. At maturity the control cobs were only 1.8 times as 
heavy as the bagged ones (Table 1). 
Reducing sugars, sucrose, total sugars and nitrogen in cobs and 
shanks of shoots with grains reached a peak at about milk stage followed 
by a subsequent decrease in amount, while in those of bagged shoots they 
continued to increase until maturity. In hormone treated cobs there was 
a sharp decrease of reducing sugars towards maturity accompanied by a 
rapid increase of sucrose, resulting in a high total sugar content. Their 
shanks showed a continuous increase in reducing s,ugars and sucrose. 
The polysaccharides increased constantly in amounts in the cobs with 
grains but no increase occurred in the shanks after milk stage, whereas 
in the cobs where no fruits were formed only the acid hydrolyzable frac-
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tion increased after milk stage, and in the shanks no fraction increased 
after milk stage. Total ash increased in the cobs with grain from late 
silking to milk stage, then dropped, whereas in the shanks there was a 
continuous increase. In the cobs and shanks of shoots wi:thout grains the 
ash increased constantly throughout the season. 
Histological studies revealed that bagging resulted in gum deposits 
in the xylem vessels of cobs and shanks, occasioning some plugging. This 
condition seems to have been due to the great sugar accumulation result-
ing from bagging. The gum deposits were most pronounced in the cobs 
and shanks of the bagged shoots which had not received the hormone 
treatment. The cobs with grain had larger bundle sheaths and showed a 
greater lignification of the ground tissue than those without grains. These 
differences undoubtedly accounted in part for their greater breaking 
strength. 
PRELIMINARY STUDIES ON STARVATION OF FIRST !NSTAR 
EUROPEAN CORN BORER LARVAE (PYRAUSTA NUBILALIS) 1 
O SCAR E . T AUBER AND WILLIS N. BRUCE2 
From the Entomology and Economic Z oology Section, 
Iowa Agricultural Experiment Station 
Received May 2, 1945 
In connection with studies conducted on the biology of the European 
corn borer, (Pyrausta nubilalis Hbn.), special attention was given to the 
survival of unfed first instar larvae under various controlled conditions of 
humidity and temperature. It was hoped that through this investigation 
the influence of some environmental factors on the mortality of the newly 
hatched larvae could be uncovered. It is known that such larvae wander 
about, even migrate on floating web-threads, before becoming "estab-
lished." During this pre-establishment period they are subjected to 
whatever environmental and biological hazards may be present. It 
is a critical stage in the borer's life cycle. Thus, perhaps geographical dis-
tribution and seasonal density might be partially explained on the bases of 
temperature and humidity ranges which the delicate borers have to en-
dure within a few hours after hatching, before they have become estab-
lished in the host plant. 
METHOD 
Pupae of the first generation larvae were secured in the field and 
placed in emergence cages. Each morning those moths which had ap-
peared were transferred to cages (l'xl'x2') containing fresh corn leaves, 
inserted in jars of water, for oviposition. Each morning these leaves were 
examined for egg masses and replaced by fresh leaves. Eggs thus obtained 
were placed in an incubator which had a temperature of 80° ± 0.5° F. and 
a relative humidity of 80 % ± 1.0% . After approximately a five-day 
period of incubation, each egg mass was carefully removed from the corn 
leaf just previous to hatching and placed in a small shell vial. To prevent 
the escape of the hatched larvae, fine rayon cloth was secured by means 
of a rubber band around the opening. 
As soon as the egg masses hatched, the shell vials were tranMerred 
to desiccator jars containing KOH solutions, and placed in constant tem-
perature cabinets, at 50°, 60° , 70°, 80°, 90°, or 100° F. At each tempera-
ture were five desiccators, each adjusted to maintain one of the following 
conditions: 20 %, 40%, 60 7< , 80 % , or 100% relative humidity. Whenever 
possible, nearly 100 or more larvae were used for each test. At two hour 
intervals thereafter, the number of dead larvae was determined. 
1 Journal Paper No. J-1282 of the Iowa Agricultural Experiment Station, Ames, 
Iowa. Project No. 901. 
2 Now with Illinois Natural History Survey, Urbana, Illinois. 
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RESULTS 
Data obtained by the above procedure are arranged in Table 1, which 
also shows the number of egg masses, the number of larvae used, the 
ranges of the starvation periods, and the weighted mean of the starvation 
periods for each humidity and temperature. Limited availability of lar-
vae of the right age made it possible to test but 25 of the 30 temperature-
humidity combinations. Statistically, the results are quite convincing. 
Analyses of variance indicate significance at the 1 per cent level for the 
temperature data, and at 5 per cent level for the humidity data. Figure 1 
indicates the trend of the weighted mean survival periods in each tem-
perature-humidity combination. At all tested temperatures the unfed 
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FIG. 1. Graph showing survival of unfed first instar larvae of European corn borer at 
various conditions of temperature and humidity. 
larvae survived longest at the highest humidity (100 % R.H.). Results at 
this air-moisture level are distinctly segregated from data obtained at the 
other four humidities. 
Cannibalism was observed in vials that were held at 90° and 100° F., 
with a relative humidity of 100%. 
The largest egg mass encountered in these experiments contained 
149 eggs. The average number of eggs per cluster was 34.78. The average 
number which hatched from these same clusters was 32.7 larvae. 
SUMMARY AND CONCLUSIONS 
1. Dehydration of the larvae probably accounts for the shorter sur-
vival periods observed at the lower humidities, possibly below 80% R. H. 
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TABLE 1 
HouRS OF SURVIVAL OF UNFED FIRST !NSTAR LARVAE OF EUROPEAN CORN BORER AT DIFFERENT 
' TEMPERATURE AND RELATIVE HUMIDITY COMBINATIONS 
50° F. 60° F . 70° F. 80° F. 90° F . 100° F. 
M ean 152 . 5 78 .0 72 .0 51.5 29 .0 25 .0 
100 % Range 66- 216 38- 118 28- 122 26- 102 20- 74' 6- 42 
R . H . No. larvae 100 106 126 114 100 126 
No. masses 4 3 3 3 3 3 
M ean 74 .0 53.0 45.0 26 . 5 19.0 14 . 5 
80% Range 53- 129 32- 72 11- 71 19- 37 14-28 8-32 
R . H. No. larvae 110 95 174 112 140 98 
No. masses 3 3 2 4 4 3 
M ean 67 .8 .. . . .. ... 29.0 26.4 . . . . .... . 12 .0 
60% Range 47-103 . . . . . . . . . 22- 44 16- 36 . . . . . . . . . 5- 23 
R . H. No. larvae 120 . . . . . . . . . 112 151 . .. .. . . . . 110 
No. masses 4 . . . . .. . . . 3 6 . ... .. . . . 4 
Mean 67.7 .. . . . .. .. . . . . . . . ' . 22.1 . ........ 8.4 
40% Range 49- 87 . . . . . . . . . .... ... . . 17- 27 . ... . . . . . 4-16 
R . H. No. larvae 143 . . . . . . . . . . . . . . . . . . 115 . . . . . . . . . 117 
No. masses 4 . . . . . . . . . .... . ' .. . 3 . ... . ... . 4 
Mean 64.7 36.5 25.5 14.1 10.3 7 .1 
20% Range 45- 91 24- 52 3- 35 12- 16 4-26 3- 9 
R.H. No. larvae 95 99 112 111 141 114 
No. masses 3 5 4 4 5 3 
2. Longevity of starved larvae varies directly with humidity, and 
inversely with temperature. These relationships hold at all the tested 
temperature-moisture combinations. 
3. The true starvation periods were probably those uncomplicated 
by dehydration and cannibalism. This means that in an atmosphere 
saturated with water and at 50° to 80° F ., tlie true starvation periods were 
likely to be found. 
4. In the field, conditions for maximum survival of newly hatched 
borers would be at a high relative humidity and a temperature high 
enough to permit activity necessary for dispersal, migratfon, and feeding. 
Since the activity increases and the longevity decreases with the tempera-
ture, temperatures of 70° to 90° F., at a high relative humidity, above 80 %, 
would seem to be ideal for the establishment of newly-hatched larvae in 
the corn plant. At higher temperatures, in drier air, chances of survival 
are considerably decreased. 
5. The largest egg mass counted in these experiments was one with 
149 eggs; the average number of eggs per cluster was 34.78. 

THE FISHES OF CLEAR LAKE. IOWA1 
REEVE M. BAILEY AND HARRY M. HARRISON, JR. 
From the Entomology and Economic Zoology Section, Iowa Agricultural Experiment 
Station, the Industrial Science Research Institute and the Iowa Conservation 
Commission 
Received June 19, 1945 
Clear Lake, with an area of 3,643 acres ranks as the third largest lake 
in Iowa and as one of the few natural lakes in the state combining a good 
reputation for fishing with excellent resort and other recreational facili-
ties. For several years the Iowa Fishery Research Unit has conducted 
investigations on some of the more important game fishes of the lake. 
Special attention was given to food habits, growth rates, effectiveness of 
natural reproduction, and other features of their life histories. In the 
course of these studies a large numbe:i: of fish collections have been taken. 
These form the basis for the present notes and the annotated list. 
DESCRIPTION OF CLEAR LA.KE 
Clear Lake is in western Cerro Gordo County, in northcentral Iowa, 
and lies in the lateral moraine of the Mankato Lobe of the Wisconsin gla-
ciation. The city of Clear Lake is located on the northeastern shore of the 
lake. 
The drainage basin is surprisingly small; the land area is exceeded 
by the area of the lake itself. Subsurface inlets are presumably significant 
since, except in dry years, the water level remains at or near the outlet 
level. Surface inlets are confined to a few small intermittent runs. The 
outlet stream, which is now provided with a low dam and fish-barrier 
screen, flows east into the Cedar River by way of Willow Creek, Winne-
bago River and Shell Rock River. As a consequence of the small water-
shed area, sedimentation of the lake bed through soil erosion is slight, in 
contrast to the serious erosion problem of most Iowa lakes. 
Clear Lake is a highly productive, eutrophic, shallow body of water. 
Of the 3,643 surface acres, 13 per cent are less than 5 feet in depth, 22 
per cent from 5 to 10 feet, 50 per cent from 10 to 15 feet, and only 15 per 
cent exceed 15 feet (computed from an Iowa State Pl~nning Board iso-
bathic map, prepared in 1935). The maximum depth is approximately 20 
feet. The long axis extends somewhat over 5 miles in an east-west direc-
tion. In the shallow western half of the lake the width varies from one-
fourth mile to a mile, but the deeper eastern portion is expanded to 
slightly over 2 miles. Except for occasional gravel or sand bars, the bot-
tom at depths in excess of 6 feet is composed of silt, and this same material 
predoininates in the shallow water in the western half of the lake. In the 
1 Journal Paper No. J-1302 of the Iowa Agricultural Experiment Station, Ames, 
Iowa, Project No. 763, and the Industrial Science Research Institute (Project No. 44) 
of Iowa State College; in cooperation with the Iowa Conservation Commission. 
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exposed portions of the eastern part, the littoral zone is composed of sand, 
gravel, and some rubble. Although sedimentation from erosion is now of 
minor importance, deep deposits of organic silt occur over most of the 
lake bottom. A log of 287 test borings (each to a depth of 27.5 feet below 
the spillway surface level) was prepared by the Iowa State Planning 
Board in 1934. Silt deposits in the western and central portions reached a 
maximum of over 21.5 feet (exceeding maximum depth of boring) at a 
station where the water is now only 6 feet in depth. In the eastern part of 
the lake the maximum deposition of silt was over 16 feet where the water 
is now 11.5 feet deep. That this siltation is on a geologically rapid scale 
but slow as measured by human activities is indicated by a transect com-
parison of soundings made by the Iowa Highway Commission in 1916 and 
the Iowa State Planning Board in 1934. The bottom profile in this transect 
of over three miles (passing through the deepest part of the lake) re-
mained virtually unchanged in the 18-year period. Nevertheless, it is not 
precluded that during recent years submerged rock or gravel bars may 
have been covered with silt to a depth which would render them unsuit-
able for shelter or as spawning beds for certain fishes. 
A chemical analysis of Clear Lake water, taken on June 30, 1934, by 
the State Hygienic Laboratories, and made available to us through the 
courtesy of A. H. Wieters, Director, Division of Public Health Engineer-
ing, State Department of Health, gave the following results: insoluble 
material, 2.4; phenophthalein alkalinity, 16-18; methyl-orange alkalinity, 
158 parts per million. The positive ions were present in the following 
amounts, in parts per million: alkalies as sodium, 12.9; calcium, 17.96; 
magnesium, 27.0; iron, 1.8. The negative ions tested: nitrite nitrogen, 
0.004; nitrate nitrogen, trace; fl.uorin, 1.0; chlorine, 7.0; sulphate, 19.5; 
bicarbonate, 141.5; carbonate, 19.2; phosphate, 0.002. The pH was high, 
8.6. 
The littoral zone supports an abundance of submerged and emergent 
aquatic vegetation, and invertebrate fish food organisms are numerous. 
Of the forty odd species of rooted aquatic plants identified from the lake 
the bulrush, Scirpus acutus, is the most conspicuous. Extensive beds of 
this species occupy the shallow water along most of the north shore (Fig. 
1) and the western third of the south shore. Potamogeton richardsonii, 
P. natans, Ceratophyllum demersum, and Myriophyllum exalbescens are 
abundant plants in the same area. Among the other common species are 
Chara vulgaris, Typha latifolia, Potamogeton pectinatus, Anacharis cana-
densis, Lemna minor, and Wolffia columbiana. These aquatics comprise 
dense beds wherein the scud, Hyalella azteca, is extremely abundant. 
Insect larvae are most numerous in these beds, and young fish of many 
species utilize the beds for shelter and foraging grounds. 
ECOLOGICAL AND MANAGEMENT CONSIDERATIONS 
In recent years fishery managers have been confronted repeatedly 
by the problem of overpopulations of fish, especially in lakes and ponds. 
The excessive numbers cause intense competition for food, especially for 
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the smaller organisms, or result in some imperfectly understood spatial 
friction, so that growth is inhibited and few fish of satisfactory size reach 
the anglers' creel. The so-called "pan fish" (perch, bluegill and other sun-
fishes, crappies, bullheads, yellow bass, etc.), which feed chiefly on in-
vertebrates, small fish, and vegetation are most commonly stunted in this 
rigorous intra- and interspecific struggle for food and space. Swingle and 
Smith (1942, and other papers) and Bennett (1943) have emphasized the 
.Frc. 1. Mcintosh Woods State Park, on the north shore near the western end of 
Clear Lake. Extensive stands of the bulrush (Scirpus acutus) are visible on each 
side of the sand spit in the right foreground. This habitat serves as an important 
spawning ground and nursery area for largemouth bass, black crappies, bluegills, and 
yellow perch. Photo by James Harlan. 
importance of maintaining adequate populations of a predatory species 
(largemouth bass) to prevent overcrowding of the pan fish. 
For the past few years the ecological picture in Clear Lake has been 
characterized by rapid growth of the fishes (unpublished data), large 
numbers of predatory fish, and commonly, except during the summer, a 
scarcity of small fish. No less than four highly predacious species are 
present in large numbers (northern pike, white bass, walleye, and large-
mouth bass). For reasons given below it is believed that the active preda-
tory control exerted by these fish limits the survival of the young of all 
species, so that overpopulations have not developed. 
Although Clear Lake is rich in species of minnows, darters, and 
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other forms commonly referred to as forage fish, none is abundant. Those 
which persist in greatest numbers do so by reason of their choice of pro-
tective habitat-dense weed beds, very shallow water, crevices under 
stones-or because they attain a rather large size. Despite these safety 
factors, relatively few forage fish attain maturity. 
Because of the scarcity of forage fish, young and juvenile game and 
pan fish constitute the staple food supply of the predatory forms (as is 
indicated in the annotated list) . As previously stated, adult game and 
pan fish are abundant in Clear Lake. Their reproductive potential is tre-
mendous, and seining in early July reveals vast numbers of young of 
yellow perch, yellow bass, black crappie, largemouth bass, bluegill, and 
of other species. Stomach analyses of adult game fish taken in the summer 
show that these young constitute their primary source of food. The young 
of the predatory forms soon outstrip the other species in size and they, 
too, subsist on the young pan fish. Such partly piscivorous species as the 
yellow bass, yellow perch, black crappie and, presumably, the black b ull-
head utilize large numbers of the small fish for food. An indication of the 
rigorous predation pressure exerted on small pan fish is provided by the 
stomach contents of a white bass, 15.0 inches in total length and weighing 
1.53 pounds, which was taken on July 23, 1943. The single meal consisted 
of 46 young yellow bass and one young yellow perch. In the eight hour 
set of 200 feet of gill net in which this specimen was captured there were 
20 additional adult white bass and 62 other game and large pan fish. Pro-
gressive seining through summer and early fall clearly indicates a sharp 
reduction in numbers of young of all species. In the late fall of 1941 and, 
especially, the spring of 1942, the supply of small fish was so decimated 
that predatory species such as the white bas~ were subsisting to a large 
extent on insect larvae and scuds (page 71). By early summer the avail-
able small fish are so reduced that relatively few yearling fish remain 
when the next year's hatch of young becomes available. In view of the 
observed reduction in numbers of young game and pan fish, the heavy 
feeding of predatory forms on these same fish, and in the absence of other 
observational data to account for decimation, we believe that predation 
·is the cause of their elimination. 
In spite of the loss of the bulk of the young fish, those remaining are 
apparently adequate to maintain a satisfactorily large number of adult 
game and pan fish each year. Years in which few or no young survive 
are compensated by seasons of greater success, producing "dominant" 
year-classes.2 Any marked depletion of the large species would reduce 
predation to such a level that sharply increased survival of one or more 
forms would presumably ensue. This would result in one or more con-
secutive year-classes of unusual strength, and reduced predation appears 
to be an important (but not the only) cause of year-class dominance in 
our inland lakes. Under certain conditions a year-class may be so strong 
as to reduce the survival of all young of all species for several years, until 
2 We use the expression dominant year-class to denote a group of fish hatched 
in the same year which greatly outnumber most other year-classes. 
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it loses control through loss of numbers. Thompson (1941:·209) found that 
in Lake Senachwine a few old crappies may produce a dominant year-
class which, by predation on spawn and young in subsequent years, "not 
only produces a cycle in its own kind but imposes it on many other non-
cannibalistic fish." In Clear Lake gross inequality in the size of successive 
year-classes is especially evident in the yellow bass (see page 69) . 
Rapid reduction in numbers of young game and pan fish appears to 
be highly desirable in the maintenance of good fishing conditions in Clear 
Lake. Such reduction prevents overpopulation, and the consequent release 
of fish-food organisms insures an abundance for those that remain. This 
will result in excellent growth rates. Under the rigorous competition it 
is possible that the early-spawning species (walleye and yellow perch) 
may be placed at a disadvantage, since their young carry the forage burden 
until those of later-spawning species appear. Good survival of walleyes 
in 1943 and of yellow perch every year indicates that this is not necessarily 
disastrous. The relatively slow rate of digestion of warm-water fishes in 
the cool water of spring may provide a measure of protection for these 
early-spawning species. 
Although precise creel-census data are lacking, it is of interest to 
note that high angling effectiveness is correlated with low population 
levels of small fish. Forage fish reach minimum numbers in late spring. 
Their maximum abundance is attained early in July, at which time the 
young of almost all species have hatched. As noted above, their numbers 
diminish steadily and by September and October are much reduced. Fish-
ing success is usually best from May 15 (the opening date for most spe-
cies) until about mid-June. A secondary period of good fishing occurs in 
the fall months. Poor results are the rule in July and August, which are 
the months of maximum tourist patronage. It seems clear that an abun-
dance of forage fish leads to the satiation of the appetite of predatory fish, 
so that hook-and-line angling for the piscivorous kinds is not very suc-
cessful at such times. Many pan fish feed on small fish when available, 
but gradually return to a diet of invertebrate food following increased 
growth of the young fish. Fishing for them may improve sooner than for 
the game species. The presence of an abundance of small fish in the 
stomachs of large specimens contradicts the fisherman's oft heard asser-
tion that fish "go off their feed" in mid-summer. Increased metabolism 
and food demand during the higher water temperatures at this time, and 
the recorded observation that most of a fish's annual growth increment is 
attained during the early summer (Beckman, 1943), furnish further evi-
dence to invalidate this explanation. Poor fishing for warm-water species 
in mid-summer, often a source of dissatisfaction, is frequently caused by 
an. abundance of natural forage organisms. Eschmeyer (1944) has found 
that a sudden reduction in angling success coincides with initial avail-
ability of young gizzard shad to game fish in Norris Lake. The sportsman 
who wants good fishing should plan his vacation for spring or fall rather 
than mid-summer. 
It is suggested above than an abundance of predatory fish in Clear 
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Lake is responsible for (1) rigid control of small forage-fish populations, 
(2) a sufficient reduction of numbers of young game and pan fish to pre-
vent overpopulations, but to provide necessary replacement for repro-
duction and good surpluses for the angler, and (3) a release of basic 
food organisms so that growth rates for young as well as adult fish are 
excellent. That this situation is not unique is indicated by studies con-
ducted on Spirit Lake, Dickinson County, Iowa, during the past 3 years. 
There the same conditions prevail. In both lakes the game and pan fish 
attain average and maximum sizes considerably in excess of those from 
other water~ in the region, and rate of growth is accelerated. 
In Spirit Lake, as in Clear Lake, fishing success is usually greatest 
during spring and fall and poorest in the summer. However, in the spring 
of 1944 angling was exceptionally poor. The preceding year had been 
noteworthy for the rapid rise in water level of the lake. By May, 1944, 
hundreds of acres of adjacent shallow lakes and marshlands were con-
nected with and flowing into Spirit Lake. These were teeming with small 
fish, chiefly fathead minnows, and countless thousands were 'swept info 
Spirit Lake. The littoral zone, which a year previously had been virtually 
devoid of minnows, was now inhabited by numerous schools of them. 
Since spring netting indicated the presence of good populations of game 
fish, the poor angling is attributed to the abundant available supply of 
minnows. If correct, this explanation tends to substantiate the interpre-
tation that poor summer fishing is due to an abundance of young fish. 
HISTORY 
While engaged in a survey of the fishes of Iowa, Meek (1892: 237) 
visited Clear Lake for one day. He collected at different points near the 
shore with small nets. All of the sixteen species reported by him have 
been taken in our study. In view of Meek's brief observation on the lake 
it is improbable that his list was complete; nevertheless, many now com-
mon forms could hardly have been overlooked, and several species re-
ported as "common" or "abundant" by him are clearly less numerous at 
present. Of the three minnows found by Meek, H yborhynchus not<Ltus 
and Notropis hudsonius were abundant. Now no fewer than 15 cyprinids 
occur, but neither of the above-named species is more than common. 
Extensive minnow plantings and escapes from fishermen's bait pails are 
undoubtedly responsible for the great increase in species, whereas height-
ened predation of game fish, modified conditions, and the unrestricted 
seining of bait minnows practiced until recently in the lake may be held 
responsible for the reduced number of the formerly numerous species. 
Forms which show a marked preference for rock and gravel reefs and 
scanty vegetation, such as the smallmouth bass and rock bass, are now 
less common than they were half a century ago, whereas species well 
adapted to advanced eutrophic conditions (bluegill, black crappie, large-
mouth bass, and black bullhead) are present in increased numbers. Two 
game species, yellow bass and white bass, now abundant in the lake were 
not reported by Meek. Both are believed to have become established fol-
lowing introduction. 
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STOCKING 
The first recorded planting in Clear Lake consisted of 20,000 "Penob-
scot salmon" in 1876. In subsequent years lake trout and landlocked sal-
mon were stocked intermittently; the last salmonoid planting was appar-
ently made in 1898 when 112,000 fingerling lake trout were introduced. 
We have no record that any of these survived. In 1894, 5,000 bass, 10,000 
white bass, 2,000 crappies, and 20,000 perch were stocked. The present 
white bass population not improbably dates from this planting, which is 
the only recorded introduction. Large stockings of miscellaneous fish 
were made almost yearly from 1910 to 1921. These doubtless provided 
access to the lake for a number of exotics. Walleyes have been stocked 
yearly since 1915. Roughly 400,000,000 fry and 50,000 fingerlings were 
planted during the period 1924-1943. Presumably complete stocking 
records in this period show large numbers of largemouth bass, black 
crappie, and yellow perch. Species stocked occasionally or in small num-
bers include smallmouth bass, black bullhead, channel catfish, white 
crappie, northern pike, and bluegill. It is suggested that minnow plantings 
have resulted in a qualitative increase in the fauna. The record shows that 
500 golden shiners were stocked in 1932, and that miscellaneous species, 
predominantly the fathead minnow, wer·e planted in 1935 (4,800), 1942 
(675,000) and 1943 (196,000). There is no record of the introduction of 
yellow bass. It is believed that this species was included in mixed ship-
ments, probably from the Mississippi River. 
METHODS 
A variety of gear was used in making collection, and no habitat was 
overlooked. Seines, ranging in length from 10 to 2,100 feet and in square-
mesh size from "common sense" to three inches, proved especially effec-
tive because most of the bottom is gently sloping and relatively free from 
impediments. Experimental gill nets with graduated mesh sizes from 
three-fourths to three inches were utilized in addition to standard nets 
of two, two and one-half, and four-inch square mesh. Many hook-and-
line catches have been examined. The collections are distributed through-
out the open-water season from April to November. 
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ANNOTATED LIST OF SPECIES 
Forty-three species of fishes have been collected in Clear Lake. It is 
believed that this is an almost, if not quite, complete list. Specimens of 
all forms are preserved in the Iowa State College collection unless other-
wise indicated. · 
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FAMILY CATOSTOMIDAE (Suckers) 
BIGMOUTH BUFFALOFISH 
Megastomatobus cyprinella (Valenciennes) 
Nongame food fish. Occasional. This species is much less common in 
Clear Lake than in several other large lakes in Iowa (see Table 1) . A 
small hatch of young occurred in 1943; none was taken by us in 1941 or 
1942. 
QUILL BACK 
Carpiodes cyprinus (Lesueur) 
Nongame food fish. Occasional. Taken rather frequently in spring-
set gill nets. On June 3, 1943, four adults were seined in shallow (three 
feet) water over sandy bottom near the State Fish Hatchery. These may 
have been breeding. A ripe female 20 inches in total length weighed 4.31 
pounds and another, which was spent, measured 19.4 inches and weighed 
3.56 pounds. The two adult males measured 15.3 and 17.2 inches with 
respective weights of 1.81 and 2.34 pounds. On July 22, 1943, two young 
(1. 70 and 1.85 inches in total length) were taken on a similar sandy-shoal 
area. They constitute the only evidence we have that the species repro-
duces successfully in the lake. 
COMMON WHITE SUCKER 
Catostomus commersonnii commersonnii (Lacepede) 
Nongame food fish . Occasional. Adults are frequently caught in gill 
nets and while removing carp and buffalofish by seining. Infrequently 
large young and yearlings are seined in shore waters, but we have failed 
to take small young and are uncertain whether or not they reproduce in 
the lake. It is evident that large hatches, such as are usual in cooler 
lakes, do not occur. 
An abundance of Hyalella was found in each of two October-caught 
adults; one of these also contained fragments of a snail, Planorbis sp. 
NORTHERN REDHORSE • 
Moxostoma aureolum (LeSueur) 
Nongame food fish. Rare. One specimen was taken in a gill net on 
April 17, 1942. The few fish of this species in the lake probably gained 
access through minnow stocking or escape from live-bait boxes. 
FAMILY CYPRINIDAE (Minnows) 
CARP 
Cyprinus carpio Linnaeus 
Nongame food fish. Common. Carp and buffalofish are removed by 
seining by the Iowa Conservation Commission to prevent these species 
from becoming overly numerous. The data on the poundage removed in 
recent years (Table 1) clearly indicates the preponderance of carp over 
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TABLE 1 
D ATA ON THE REMOVAL OF BIGMOUTH BuFFALOFISH AND CARP FROM CLEAR LAKE FROM 
1929 TO 1943 BY THE low A CONSERVATION COMMISSION. THE SEINING EFFORT VARIED WIDELY 
FROM YEAR TO YEAR. (DATA PROVIDED BY E. B. SPEAKER) 
Bigmouth Buffalofish Carp 
Year Pounds Pounds per Acre Pounds Pounds per Acre 
1929 ....•. .. ' 3 , 100 0 . 9 134 , 374 36.9 
1930 ... . . .... 0 0 130 ,792 35.9 
1931. . . . .... . 0 0 14 , 463 4 .0 
1932 ...... .. . 0 0 52,900 14.5 
1933 ... ... .. . 2, 157 0 . 6 163 , 139 44.8 
1934 ..... . •. . . . . . . . . . . . . . . . 0 . . . . . . . . . . . . .... 0 
1935 . . . . ..... 7, 089 1 . 9 41 , 928 11.5 
1936 ..... . . .. 0 0 7,220 2.0 
1937 .... . .•.. 4 , 439 1 .2 54,087 14 . 8 
1938 ......... 5 , 048 1.4 65,686 18.0 
1939 ........ . 213 0 . 1 59 ,398 16.3 
1940 ...... • .. 1 , 619 0 . 4 42,204 11.6 
1941 .. .. . . . . . 0 0 27 , 795 7.6 
1942 ......... 1 ,650 0 . 5 42,578 11. 7 
1943 .. ....... 296 0 . 1 2,804 0 . 8 
15-year average 1 ,707 0 .5 55,958 15 .4 
buffalofish in Clear Lake. At present carp do not appear to be abundant 
enough to interfere ser~ously with gamefish production, but continued 
cropping, directed at breeding concentrations, will help to prevent future 
increases. Light hatches of carp occurred during 1942 and 1943. 
Despite an abundance of available plant material, the fall food, as 
determined from stomach analyses of eight October specimens, consists 
chiefly of Hyalella (often in large numbers) and insects. Three contained 
numerous seeds of aquatic plants. 
HoRNYHEAD CHUB 
Nocomis biguttatus (Kirtland) 
Forage fish. Occasional. A few large juveniles and adults were taken 
over sand bottom in shore water; not known to reproduce in the lake. The 
heavy plantings of various species of minnows during 1942 and 1943 (see 
section on stocking) are believed to be responsible for the introduction of 
this and several other species into Clear Lake. 
WESTERN GOLDEN SHINER 
Notemigonus crysoleucas auratus (Rafinesque) 
Forage fish. Occasional. Reported by Meek (1892) as rare; this spe-
cies is still uncommon in spite of an abundance of aquatic vegetation, in 
which the species usually thrives. 
The anal fin rays number 12 in 24 specimens, 13 in 16, and 14 in 1; 
mean for the 41 fish, 12.44 rays. 
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ROSYFACE SHINER 
Notropis rubeLlus (Amissiz) 
Forage fish. Rare. Only two specimens, both adults, have been 
taken, one on a gravel shoal, the other over sand bottom. 
NORTHERN REDFIN SHINER 
Notropis iimbratilis cyanocephalus (Copeland) 
Forage fish. Rare. Three adult specimens were taken at the State 
Fish Hatchery; probably introduced. 
NORTHERN COMMON SHINER 
Notropis cornutus frontaHs (Agassiz) 
Forage fish. Fairly common. Usually found over sand and gravel 
bottom. It probably breeds in the lake. 
NORTHERN SPOTTAIL SHINER 
Notropis hudsonius hudsonius (Clinton) 
Forage fish. Common. Residents long familiar with the lake say 
'that tremendous schools of spottail shiners could formerly be seen. Meek 
(1892) reported them 'to be abundant and noted that they were the bait 
minnow of the anglers. Excessive numbers were taken by dealers and 
many died in overcrowded live boxes. Following an observed reduction 
in their numbers, minnow seining was prohibited by the State Conserva-
tion Commission. Although fairly common at present, spottail shiners are 
not numerous enough to maintain a'bait-minnow supply even if seining 
were permitted. Comparison of day and night seining on the shore waters 
clearly indicates that young as well as adult spottail shiners participate 
in an inshore migration at night, but remain in deeper water during the 
daytime. 
TOPEKA SHINER 
Notropis topeka Gilbert 
Forage fish. Rare. Three adult specimens were taken near the State 
Fish Hatchery during July and August, 1942. It is improbable that this 
species breeds in the lake, and its presence is ascribed to minnow plant-
ings. 
SPOTFIN SHINER 
Notropis spilopterus (Cope) 
Forage fish. Rare. Four specimens were taken on the sandy shoal 
near the State Fish Hatchery; probably introduced. 
CENTRAL BIGMOUTH SHINER 
Notropis dorsalis dorsalis (Agassiz) 
Forage fish. Common locally on gravel and sandy shoals in shallow 
water, otherwise scarce. Small young have been taken frequently, so it 
is evident that the species breeds here. 
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NORTHEASTERN SAND SHINER 
Notropis deliciosus stramineus (Cope) 
67 
The Clear Lake population of this species is tentatively identified as 
stramineus. A careful racial analysis is needed to evaluate the differential 
characters and to define the geographic ranges of the subspecies of N. 
deliciosus. · 
Forage fish. Occasional on sandy shoals. 
BRASSY M.nmow 
Hybognathus hankinsoni Hubbs 
Forage fish. Occasional on sandy and gravel shallows. Apparently 
breeds in the lake since young specimens have been taken. 
BLUNTNOSE M.nmow 
Hyborhynchus notatus (Rafinesque) 
Forage fish. Formerly abundant (Meek, 1892), the species is now 
taken only occasionally and then in small numbers. The eggs are depos-
ited in a sheet on the lower surface of stones, boards, or other objects, 
usually in shallow water. For years cottagers have removed stones from 
the water to construct seawalls and now few remain. Reduction of suit-
able spawning facilities and heavy predation are presumably responsible 
for depletion. An adult male was found guarding a complement of eggs 
under a fl.at stone on July 21, 1943. 
NORTHERN FATHEAD MINNOW 
Pimephales promelas promelas Rafinesque 
Forage fish. Occasional. Except for a brief period after heavy min-
now stocking (largely this species) during the summer of 1942, fathead 
minnows have been taken infrequently. A shortage of spawning sites is 
probably effective in limiting the population, but some natural reproduc-
tion occurs. 
CENTRAL STONEROLLER 
Campostoma anomalum pullum (Agassiz) 
Forage fish. Rare. Taken over sand and gravel shoal areas. Some 
reproduction occurs in the lake. 
FAMILY AMEIURIDAE (Catfishes) 
SOUTHERN CHANNEL CATFISH 
Ictalurus lacustris punctatus (Rafinesque) 
Game fish. Occasional. Adult channel catfish are not infrequently 
taken on hook and line, in gill nets, and in large seines used for carp re-
moval. The stocking record shows that 1,750 catfish were planted in 1926; 
800 in 1927; 1,450 in 1928; 1,000 in 1929; and 150 in 1933. No small speci-
mens have been secured, and it seems doubtful that the species reproduces 
in significant nµmbers in the lake. Hence, population maintenance will 
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remain dependent on stocking unless installation of spawning devices 
should prove effective. 
NORTHERN BLACK BULLHEAD 
Ameiurus melas melas (Rafinesque) 
Pan fish. Very abundant. One of the most important fishing species, 
the black bullhead is found throughout the lake. The 1943 season was 
characterized by great reproductive success; several thousand yearlings 
were seen in a single massed school in April, 1944. Although not infre-
quently eaten by predacious forms, young bullheads are preyed upon 
less in proportion to the available numbers than other small fish, pre-
sumably because of their formidable defensive armament. 
NORTHERN YELLOW BULLHEAD 
Ameiurus natalis natalis (LeSueur) 
Pan fish . Occasional. Not infrequently taken. by anglers and in large 
seines. On October 29, 1943, two young were caught by hand under rocks 
·in water from two to six inches deep. No yellow bullhead was noted 
among several thousand black bullheads seined in this area on the same 
afternoon. 
FLATHEAD CATFISH. 
Pilodictis olivaris (Rafinesque) 
Game fish . Very rare. The only record for the flathead is that of a 
spawnbound female, 44 inches long and weighing 33 pounds, which was 
found dead on the lake shore, in 1939. The fish was mounted for the 
Clear Lake Chamber of Commerce and is now on display in the lobby of 
the Roger's Hotel in Clear Lake. It is virtually certain that this was a 
stocked fish (see under channel catfish) and that there.. is no resident 
population of the species in the lake. 
TADPOLE MADTOM 
Schilbeodes mollis (Hermann) ' 
Forage fish. Occasional in weed beds, especially in the western half 
of the lake. 
FAMILY ESOCIDAE (Pikes) 
NORTHERN PIKE 
Esox lucius Linnaeus 
Game fish. Common. Young specimens were occasionally taken in 
dense vegetation in the western end of the lake; since the species has not 
been stocked since 1927, natural reproduction is effective in the main-
tenance of the satisfactory adult population. Numerous specimens are 
taken throughout the lake on hook and line and in large nets. 
0£ five fall caught specimens examined, two had eaten a yellow 
perch each; one, a white bass; one, a common shiner and an undetermined 
N otropis; and the fifth, three leeches. 
3 As shown by Hubbs and Raney (1944: 25) the name mollis has priority over 
gyrinus and replaces it. 
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MISSISSlPPI MUSKELLUNGE 
Esox masquinongy immaculatus Garrard 
Game fish. Very rare. A single specimen (29.5 inches in total length 
and 19.5 pounds in weight) was taken while seining·for carp during late 
April, 1929, by Mr. Otto J. Koch. It was placed on display at the Clear 
Lake Hatchery and released in the lake about June 1. It was seined and 
released in the spring of 1931, and in 1932 it was caught in a gill net, trans-
ported alive to the Strawberry Point Hatchery, where it was examined 
by Dr. Carl L. Hubbs, exhibited at the Iowa State Fair at Des Moines, and 
returned to Clear Lake. One of the pectoral fins was injured in the gill 
net and a scar remained to identify it later. During ensuing years it was 
retaken at least twice and displayed at the Clear Lake Hatchery. Finally, 
it was found dead on the lake shore in 1939, and is now mounted and on 
exhibition in the lobby of the Roger's Hotel, Clear Lake. At dt>ath it meas-
ured 53 inches in total length. This was undoubtedly a stocked fish, but 
since the State has never planted muskies in Clear Lake, the rumor that 
sportsmen at one time introduced them seems well founded. 
FAMILY CYPRINODONTIDAE (Topminnows and Killifishes) 
WESTERN BANDED K.rLLIFISH 
Fundulus diaphanus menona Jordan and Copeland 
Forage fish. Rare. Meek (1892) reported this species, under the 
name Fundulus zebrinus, as rare. Three specimens taken in dense vege-
tation in the western part of the lake on August 8, 1939, provide the only 
recent record. 
FAMILY SERRANIDAE (Basses) 
YELLOW BASS 
Morone interrupta Gill 
Pan fish. Abundant. The yellow bass was introduced into Clear 
Lake, probably incidentally in mixed shipments of fish from the Missis-
sippi River, and made its initial appearance in anglers' catches about 1932. 
The population increased rapidly so that except for the black bullhead it 
is now the most numerous pan or game fish in the lake. 
The strong 1939 year-class predominated in the catch from 1941 to 
1944, at which time there was yet no evidence that it was losing its domi-
nance. In the fall of 1941 and the following spring a few older fish were 
taken. One of these, a female 12.5 inches in total length (256 mm. in 
standard length) weighing 1.22 pounds, is the largest of the several hun-
dred adults examined. On October 25, 1941, a young specimen ( 4.2 inches 
in total length) was seined; this is the only individual representing the 
1941 year-class which we have seen, and none of the 1940 year-class has 
been noted. In contrast to these poor years, the 1942 and 1943 classes are 
strong. A series of 41 specimens taken at the end of their first season of 
growth on November 5, 1942, had a total length range of 2.6 to 4.0 inches, 
mean, 3.1 (standard lengths 52 to 82 mm., mean, 61.9). A comparable 
series of 58 of the 1943 year-class, taken at the end of their first year's 
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growth (October 29, 1943), measured from 2.7 to 4.05 inches in total 
length, mean, 3.4; and from 52 to 82 mm. in standard length, mean, 68.1. 
When available the abundant young of these groups provided an impor-
tant source of food to the larger fish. Materials for a future growth study 
1 of the yellow bass are being assembled. In partial anticipation, however, 
it may be noted that the 1939 year-class was well above legal length (7 
inches in Iowa) in the fall of 1941 (see Table 2), and all fish were mature 
TABLE 2 
Fooo OF AouLT YELLOW BAss FROM CLEAR LAKE, EXPRESSED As PERCENTAGES OF FREQUENCIES 
OF OCCURRENCE AND AS PERCENTAGES OF TOTAL VOLUME OF Fooo ORGANISMS 
Date of Collection O ctober, 1941 April, 1942 October, 1942 July, '43 
Number of stomachs 
containing food ..... 52 36 42 14 
Total volume of 
food (cc.) ......... . 32 .6 24 . 4 97.0 * ...... 
Total length (inches) 
Range ............ 8 . 3- 11. 9 8.5-12 .5 8.9- 10.3 10.0-11.6 
Mean ............ . 9 .2 9.7 9.6 10.5 
Occur- Occur- Occur- Occur-
Food re nee Volume rence Volume rence Volume rence 
Insects ... ... . ....... 79 79 89 54 5 Trace 14 
Neuroptera ........ 2 Trace 
Ephemeroptera . .... 4 Trace 11 Trace 
Odonata .......... 42 22 33 2 
Hemiptera ......... 31 1 3 Trace 5 Trace 
Coleoptera .. . ...... 2 Trace 11 Trace 
Trichoptera ........ . . . . . . . . . ....... 17 6 
Diptera ........... 52 48 61 45 14 
H ymenoptera . . .... . . . . . . . - 3 Trace 
Undetermined insects 23 8 6 1 
Crustaceans .......... 87 20 53 34 43 Trace 7 
Cladocera ... .... .. . . . . . . . . . . . ... .. 6 6 
Hyalella ...... .. ..•. 87 20 50 28 43 Trace 
Crayfish ... .. . . .... . . . . . . . . 7 
Oligochaets . ......... 6 5 
Fish ............ . .. . 2 3 2 100 100 86 
Game and pan fish .. . . . ' .... . . ... ' .. 74 79 21 
Yellow bass . ..... . . . . . . . . . . . . . . . . . ....... 17 28 7 
Yellow perch .. . .. . . . . . . . . . ..... .. 24 35 14 
Bluegill ...... . .. . . . . . . . . . . ..... . . 33 13 
Black crappie .... . . . . . .. . 2 3 
Forage fish .... ..... . . . . . . . . . . . . . . . . 6 4 7 
Spottail shiner .... . . . .. .. . . . . . . . . . . ... . ... . . . ..... 2 2 
Brassy minnow . .. . . . . . . . . . ....... . . . . . . . . 7 
Cyprinidae ...... . . . . . . . . . . . . . . . . . .... . .. . . . . . . . . 2 1 
Brook silverside . . . . . . . . . . . ........ . . ... ... 2 1 
Undetermined fish .. 2 3 2 29 17 64 
Plants .. . ............ 29 Trace 17 6 10 Trace 21 
*Volume of food not recorded. 
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the following spring, at 3 years of age. What percentage, if ·any, was 
mature the preceding spring is not known. 
Yellow bass provide excellent sport to Clear Lake anglers. Although 
frequently taken on live bait and artificial plugs, the best results are ob-
tained by use of a fly and small spinner. The fish commonly feed in 
schools, breaking the surface in open water, at which times limit catches 
(15 fish) may often be taken quickly. Adults are rarely found in shallow 
water during the daytime, but at night the schools move into shoal areas 
to feed. They are rarely taken in the dense weed-bed areas of the western 
part of the lake, preferring the open water, sandy shores, and sparse vege-
tation of the eastern and southern portions. The young are found in the 
same situations; we have never seined young among dense growths of 
aquatic vegetation or in predominantly silty littoral areas. The yellow 
bass and the black bullhead have carried the brunt of the fishing in Clear 
Lake during recent years; of the two, the yellow bass is more sought by 
sport fishermen. Highly regarded locally as a food fish, the yellow bass is 
preferred to the white bass. 
The food relations of adults, as determined by analyses of 144 stomachs 
which contained food, are summarized in Table 2. The critical shortage 
of small fish in the fall of 1941 and the spring of 1942 is clearly reflected in 
the predominance of insects (chiefly damselflies, Libellulidae, and 
chironomids) and Hyalella in the food during these seasons. In contrast, 
in the fall of 1942 and the summer of 1943, when young fish. were common, 
invertebrates were of minor quantitative importance in the diet. The 
sharp difference in food habits here noted is explicable on grounds of 
variat.ion in abundance of small fish rather than of insects and Hyalella. 
In the fall of 1942, when the adult fish were eating few invertebrates, field 
observations indicated them to be as abundant as a year earlier. Young 
game and pan fish were eaten in much greater numbers than forage fish. 
The bluegill and black crappie were taken less frequently than the yellow 
perch and yellow bass in relation to their available numbers in the popu-
lation, presumably because the young of these species prefer dense aqua-
tic vegetation wherein the adult yellow bass rarely feed. 
WmTE BAss 
Lepibema chrysops (Rafinesque) 
Game fish. Abundant. Ten thousand white bass were introduced into 
Clear Lake in 1894, probably from the Mississippi River. This is the only 
planting record, and the species is believed to have established itself from 
this start. Meek (1892) did not list it, but E. B. Speaker of the Iowa Con-
servation Commission informs us that it was common at least as long ago 
as 1919. At present it rivals the yellow bass in numbers, and many are 
taken by anglers, who call it silver bass. Like the yellow bass, it is most 
abundant in the deeper portions of the lake, and along sandy and gravel 
littoral zones where it feeds at night. The young, too, avoid dense beds 
of vegetation and shallow areas with an organic bottom. 
72 R. M. BAILEY AND H. M. HARRISON 
The food habits of adults, as revealed by analyses of 80 stomachs which 
contained food, are summarized in Table 3. In general the food picture is 
similar to that of the yellow bass, but the white bass is noticeably more 
piscivorous. Its greater average size and relatively larger mouth permit 
predation on larger fish. Thus, despite a scarcity of small fish in the fall 
of 1941, 29 per cent of the white bass had eaten fish, which constituted 61 
per cent of the aggregate volume in their stomachs. For the same period 
only 2 per cent of yellow bass had eaten fish, amounting to 1 per cent of 
the food. With a further reduced supply of small fish in April, 1943, only 
13 per cent of the white bass had eaten fish, amounting to 3 per cent of 
TABLE 3 
FooD OF ADULT WHITE BASS FROM CLE AR LAKE, ExPRESSED AS PERCENTAGES OF FREQUENCIES 
OF OCCURRENCE AND AS PERCENTAGES OF TOTAL VOLUME OF FOOD ORGANISMS 
Date of Collection Sept.- Oct., 1941 April, 1942 October, 1942 July, '43 
Number of stomachs 
containing food ..... 21 24 9 26 
Total volume of 64.3 80.6 31. 2 • . . . .. . . 
food (cc.) . ... . ... . . 
Total length (inches) 
Range .. . . ........ 11 .8- 15.3 12 . 0- 16 . 2 12 . 1- 16 . 2 12.7-16.4 
Mean .. . . ... ... .. .. 13.4 13.8 14 .3 14.5 
Occur- Occur- Occur- Pccur-
Food rence Volume rence Volume rence Volume rence 
Insects . .... . . . . 81 30 92 88 22 Trace 
Ephemeroptera .. ... 5 Trace 58 73 
Odonata . .. . . ... . . 43 9 63 1 
H em.iptera . . .... . .. 57 1 8 Trace 22 Trace 
Homoptera ... . .... 4 Trace 
Coleoptera . ... ..... . . . . . . . . 13 1 
Trichoptera . . ...... 5 Trace . .. . . . .. 
Diptera ..... ...... 33 12 67 13 
U ndeterm.ined insects 43 8 
Crustaceans ...... . ... 71 9 42 3 
Hyalella .... . . . . . . . . 71 9 42 3 ........ . . . . . . . . 
Oligochaets . . . . ... . . . ........ . . . . . . . . 4 Trace 
Gastropods . ... ...... . . . ..... . . . . . . . . 4 Trace 
Fish .... . . . . . . . . . . .. 29 61 13 3 100 100 100 
Game and pan fish .. 10 53 67 81 65 
Black bullhead .. . 10 53 . .. . . ... . . . . . . . . 
Yellow bass ...... . . . . . . . . . . . . . . . . . ... ... . . . . . . . . . 22 18 58 
Yellow perch . ... . . . . . . '. ........ 44 41 42 
Largemouth bass .. . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . .. 4 
Bluegill .. . .. ... . . . . . . . . . . . . . . . . . . .. ...... 22 3 
Black crappie . . .. . . . . . . . . .. .. . . . . 22 19 4 
Forage fish . . .. . . .. . 10 5 . . . . . . . . .. . . .... 
Bigmouth shiner .. 5 3 . . . . . . . . 
Notropis sp .... . . . . 5 2 . . . . . . . . 
Undetermined fish .. 14 3 13 3 44 19 65 
Plants .. .... . . .. . .... 38 Trace 63 5 
*Volume of food not recorded. 
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the volume. At this time a great number of large ephemerids provided 
the bulk (73 per cent) of the food. During these seasons of scarcity of 
small fish, plant materials were included in the stomachs of 38 and 63 per 
cent, respectively, of the specimens. Since vegetable material was neg-
ligible in volume, it would appear to have been taken incidentally in for-
aging for small invertebrates on the bottom, or in vegetation. In the 
fall of 1942 and the summer of 1943, when small fish were common, vir-
tually the entire diet consisted of fish. All of those which were identified 
were young game or pan fish. 
FAMILY CENTRARCHIDAE (Sunfishes) 
NORTHERN SMALLMOUTH BASS 
Micropterus dolomieu dolomieu Lacepede 
Game fish. Occasional. Reported by Meek (1892) to be about equally 
abundant with the largemouth, the smallmouth has since undergone 
marked reduction in numbers, and at present is infrequently taken by 
anglers (usually in the eastern part of the lake) . Meek noted many 
young, but only an occasional specimen is now taken along sandy or gravel 
shoal areas. The lake is not now well suited for the maintenance of large 
populations of smallmouth bass. 
LARGEMOUTH BASS 
Huro salmoides (Lacepede) 
Game fish. Very common. Much more numerous than the preceding; 
the largemouth is particularly abundant in the western portion of the 
lake. In April, 1942, several hundred adults ranging up to seven pounds 
in weight were taken in nets operated for carp removal. The numerous 
young are partial to weed beds, as usual for the species. In view of the 
effectiveness of natural reproduction, continued stocking is unnecessary. 
The largemouth is not well regarded by most Clear Lake anglers, who 
contend that the flesh tastes "mossy" or "weedy." 
GREEN SUNFISH 
Lepomis cyanellus Rafinesque 
Pan and forage fish. Rare. Taken in only four collections. A few 
young were caught. The green sunfish is now unimportant in the econo-
my of Clear Lake since it is too small to be of value to the angler and too 
rare to provide significant forage or to exert competitive pressure on other 
carnivorous forms. In many Iowa lakes, where predation is less intense, 
green sunfish become most obnoxious through their predations on useful 
forage organisms and the young of more valuable species. 
PuMFIKINSEED 
Lepomis gibbosus (Linnaeus) 
Pan fish. Occasional. Rarely taken by fishermen, but quite common 
locally in dense beds of vegetation. The frequent capture of young is 
indicative of limited natural reproduction. 
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COMMON BLUEGILL 
Lepomis macrochirus macrochirus Rafinesque 
Pan fish. Very abundant. Reported as "not common" by Meek 
(1892), the bluegill ranks as one of the most abundant species in Clear 
Lake. Both young and adults have been collected in large numbers, and 
many are taken by anglers. The bluegill is primarily a weed bed in-
habitant and receives a measure of protection therefrom; hence, it fails 
to appear as frequently in the diet of game fish as might be expected on 
the basis of the large number which exist in the lake. 
NORTHERN ROCK BASS 
Ambl.oplites rupestris rupestris (Rafinesque) 
Pan fish. Rare. Meek (1892) recorded the rock bass as equally com-
mon with the black crappie (not abundant). The only recent record is 
based on two adult specimens (not preserved) collected by the junior 
author on October 28, 1941, at Clausen's Cove on the south shore of the 
lake. 
WHITE CRAPPIE 
Pomoxis annularis Rafinesque 
Pan fish. Rare. Three adults were taken by the junior author on 
April 20, 1942, near the western end of the lake. E. B. Speaker took a 
fourth near the State Fish Hatchery on July 25, 1942. None was pre-
served. Stocking records show that about 20,000 were planted between 
1933 and 1939, but it is doubted that the species reproduces in the lake. 
The white crappie attains maximum abundance in silty waters of streams. 
Where common in lakes the water is usually murky. The black crappie, 
on the other hand, reaches its greatest populations in clear lakes with 
much vegetation. In murky waters of stream bayous or lakes it is often 
found in company with the white crappie, but it does not maintain signifi-
cant populations in waters heavily laden with silt. Since Clear Lake is 
ideally suited to the black crappie, it would seem futile to encourage the 
white crappie by continued stocking. 
BLACK CRAPPIE 
Pomoxis nigro-maculatus (LeSueur) 
Pan fish. Abundant. Ranked by Meek as "not abundant," the black 
crappie is now one of the four most abundant species in the lake. Beds 
of aquatic vegetation teem with the young in midsummer and the adults 
are taken in numbers by anglers and in large nets. The young are afforded 
a measure of protection from predation by their close association with 
dense weed beds and as a consequence of their rapid growth. 
Hyalella and insects were predominant in the food of nine adult 
specimens taken in October, 1941. On a volumetric basis, Hyalella com-
prised 45 per cent of the food; insects, 43 per cent; organic debris and 
fragments, 11 per cent; and fish, one per cent. Hyalella and insects oc-
curred in all specimens; Hemiptera (Belostomatidae, Corixidae, and 
FISHES OF CLEAR LAKE 75 
Notonectidae) in eight; Odonata (Libellulidae), in six; ephemerids, in 
five; chironomids, in four; Trichoptera, in one; and Coleoptera, in one. 
Fragments of plants appeared in two stomachs and traces of fish remained 
in two. A single specimen examined in July, 1~43, contained two young 
yellow bass and five undetermined small fish. 
FAMILY PERCIDAE (Perche~ and Darters) 
YELLOW PERCH 
Perea flavescens (Mitchill) 
Pan fish. Abundant. The perch was reported to be abundant by 
Meek (1892) and it is still numerous in all parts of the lake. The young 
constitute an important item in the food of the piscivorous forms. In view 
of the excellent natural reproduction, it is obvious that stocking of this 
species is unnecessary. 
The fall diet during 1941, as determined from 15 adult specimens con-
taining food, comprised insects, chiefly chironomids and Odonata, 53 per 
cent of the total volume; small fish (yellow perch, bluegill, cyprinid), 24 
per cent; oligochaet, 18 per cent; Hyalella, 4 per cent; and plant materi-
als, 1 per cent. On a frequency basis, insects occurred in nine stomachs; 
Hyalella, in eight; fish, in four; plant material, in three; and an oligochaet, 
in one. One specimen caught in the fall of 1942 contained two yellow bass 
and a notonectid; two summer captured perch contained small fish; one 
had also eaten insects, the other a snail. 
YELLOW WALLEYE 
Stizostedion vitreum vitreum (Mitchill) 
Game fish. Common. Generally regarded as the best species in the 
lake by sportsmen. The State Fish Hatchery here is designed solely for 
.the hatching of this species; both fry and fingerlings are stocked (see p. 
63). As a method of management the value of the fry stocking, in par-
ticular, may be questioned. An investigation to determine its effectiveness 
in Clear Lake is now underway. In 1943 reproduction and survival of 
the walleye was marked with success; many young were seined in more 
or less exposed shore waters at various stations on the lake. It was noted 
that the young engage in an inshore migration at night, during the day-
time relatively few are found in water three or four feet in depth. The 
adults, too, enter shallow water at night to feed. 
Fish constituted the principal food of the adult walleyes. In the 28 
specimens taken during the fall of 1941, which contained food, fish made 
up 93 per cent of the total volume; a frog (Rana pipiens), 4 per cent; plant 
materials, 2 per cent; and Hyalella, insects and annelids, less than 1 per 
cent each. On a frequency basis 21 of the 28 specimens contained fish; 10, 
plant material (as small fragments); eight, insects; four, Hyalella; one, 
Rana pipiens; and one, an oligochaet. The identifiable fish included yel-
low perch (four stomachs), Notropis sp. (two stomachs), bluegill, (two 
stomachs), yellow bass, black bullhead, tadpole madtom, and spottail 
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shiner (one stomach each). Three fish taken in the spring of 1942, when 
small fish were very scarce in the lake, contained only insect larvae, 
HyalelLa, and a fragment of a plant. Three specimens taken in October, 
1942, had eaten yellow b/;lss; one had also taken two bluegills, and anoth-
er some strands of Potamogeton pectinatus. Seven adult walleyes caught 
in July, 1943, had eaten only fish-three, yellow bass; one, a yellow perch; 
one, a largemouth bass; and the others, undetermined fish. 
SCALY JOHNNY DARTER 
Boleosoma nigrum eiilepis Hubbs and Greene 
Forage fish. Occasional. Widely distributed in the lake but nowhere 
common. 
IOWA DARTER 
Poecilichthys exilis (Girard) 
Forage fish. Rare. A series of 45 specimens was taken in dense vege~ 
tation near the western end of the lake on August 8, 1939, by the senior 
author and Max E. Davis. Although the same area has been seined since, 
and at the same time of year, this remains the only record for the lake. 
STRIPED FANTAIL 
Poecilichthys flabellaris lineolatus (Agassiz)• 
Forage fish. Rare. Meek (1892) reported this species (as Etheostoma 
flabelLare) as rare. A single adult, taken near the State Fish Hatchery 
on a bottom of gravel and rubble, on June 3, 1943, constitutes the only 
recent record. 
FAMILY ATHERINIDAE (Silversides) 
NORTHERN BROOK SILVERSIDE 
Labidesthes sicculus sicculus (Cope) 
Forage fish. Fairly common in shallow water, especially along sandy 
beaches with small or moderate amounts of aquatic vegetation, where 
it swims at the surface in schools. Noticeably more common in 1943 than 
in preceding years. Meek found it to be common. 
• The species known in recent literature as Catonotus flabellaris stands apart from 
most of the many forms currently referred to Poecilichthys. Among the chief differen-
tiating features of flabellaris are the dilated tips of the dorsal spines (each hidden in a 
conspicuous fleshy knob; best developed in breeding males), the scaleless head, and 
the large mouth with protruding lower jaw. It will be shown (Hubbs and Bailey, ms.) 
that in a linear arrangement of several species, including Poecilichthys squamiceps 
(Jordan), there exists a near perfect gradation of each of these characters from the 
generalized pattern in Poecilichthys to the modified condition in Catonotus. Since 
there remain no tangible characters to separate these genera, Catonotus is regarded 
as a generic synonym of Poecilichthys. 
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The genus Corythaica Stal has long been in need of revision because 
of various confusions in the literature and in collections. It contains sev-
eral very well defined species but also some others which seem to have a 
wide range of variation. Certain of these species have been impossible 
to clarify because of incomplete material, but recent acquisitions have 
given Dr. Carl J . Drake a fine representation of all the species included 
at the present time in this genus, and I am deeply grateful to him for the 
privilege of studying his excellent collection and personal library, as 
well as for his helpful advice on the subject. 
Through the kindness of Mr. H. G. Barber of the United States Na-
tional Museum and of the late Mr. E. P. Van Duzee of the California 
Academy of Sciences, I have also been permitted to examine the Cory-
thaica and Dolichocysta material in the collections of those two institu-
tions. In addition, I would like to express my appreciation to Mr. W. E. 
China of the British Museum for checking Terzi's excellent drawings of 
Corythaica cytharina (Butler) with the type specimen, and to Dr. Leon-
ard D. Tuthill for assistance in checking the key presented here. 
Fortunately not all tingid genera are as difficult to work out as this 
one. In addition to the customary mechanical difficulties of lost types, 
inaccessible material, inadequate descriptions and ill advised synonymy, 
there are morphological confusions inherent in the species. There seems 
to be no sexual dimorphism but three different forms appear, brachyp-
terous, macropterous and an intermediate form with elytra long but 
constricted apically as in the brachypterous. In two species, venusta and 
bellula, all three of these forms have been collected; in caestri and um-
brosa both macropterous and brachypterous forms are represented; in 
acuta the brachypterous and intermediate forms are found and in the 
remaining eight species only the macropterous form. With the changes in 
wing length accompanying changes occur in the pronotum, and there is 
always the danger that what looks like a new species is in reality a here-
tofore uncollected form of a dimorphic or polymorphic species. In addi-
tion to this hazard some of the species obviously have not reached a 
static state and are still in a process of flux. 
Geographically, the genus is limited to the Western Hemisphere, 
with four species in North America (carinata , venusta, bellula and acuta), 
1 Tingidae is used instead of Tingitidae in ac~ordance with Opinion 143 of the 
International Commission on Zoological Nomenclature. 
[79] 
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two in Central America (carinata and venusta), two in the West Indies 
(cyathicollis and carinata), eight in South America (monacha, cyathicol-
lis, cucullata, caestri, costata, smithi, umbrosa and bosqi), and one in the 
Galapagos Islands (cytharina). 
The name Corythaica fuscomaculata (Stal), appearing in Monte, 
1937, Rodriguesia 8: 31, is an error and should be Corythucha fuscomacu-
lata (Stal). 
GENUS CORYTHAJCA STAL 
Haplotype, C. monacha (Stal) 
Corythaica STAL, 1873, Enum. Hemip. 3: 120, 128. CHAMPION, 1897, Biol. Centr.-
Amer., Rhynch. 2:9. CHAMPION, 1898, Trans. Ent. Soc. London, p. 58. VAN 
DUZEE, 1917, Cat. Hemip. Amer. N. of Mex. p. 817. GIBSON, 1919, Proc. Biol. 
Soc. Wash. 32: 98. BLATCHLEY, 1926, Heter. East. N. Amer. p . 470. DRAKE 
AND POOR, 1936, Iowa State College Jour. Sci. 10: 385. MONTE, 1939, Rev. Soc. 
Bras. Agr. 2: 5. MONTE, 1940, Arquiv. Zool., Sao Paulo, 2: 86. MON'I'E, 1942, 
Pap. Avul. Dept. Zool., Sao Paulo, 2:104. 
Typonotus UHLER, 1893, Proc. Zool. Soc. London, p. 716. 
Dolichocysta CHAMPION, 1898, Trans. Ent. Soc. London, p. 56. VAN DUZEE, 1916, 
Check-list Hemip. Amer. N. of Mex. p. 25. VAN DUZEE, 1917, Cat. Hemip. 
Amer. N. of Mex. p. 215. DRAKE, 1917, Ohio Jour. Sci. 17: 214. DRAKE AND 
POOR, 1936, Iowa State College Jour. Sci. 10: 385. 
Leptotingis MONTE, 1938, Bal. Biol. (n.s.), Sao Paulo, 3: 128. MONTE, 1940, Arquiv. 
Zool., Sao Paulo, 2: 121. 
Hood bulbous, elongate, covering head. Paranota narrow (biseriate) 
or wide (to five-seriate), rounded or angulate. Pronotum tricarinate, 
carinae complete, foliaceous and reticulate, lateral ones uniseriate, of 
uniform height and often leaning outward on disk, giving bowed appear-
ance; median with from one to three rows of cells. Elytra ovate, broadest 
opposite apex of triangular process, from there narrowing posteriorly; 
areolate, with mostly well defined areas. Hypocostal ridge with from one 
to four rows of cells at base. Antennae long and slender, segments I and 
II stout, I twice as long as II, III very long and much thinner, IV fusiform, 
about as long as I and II together. Legs slender, body beneath dark. Ros-
tral. laminae foliaceous, sulcus broadening posteriorly with terminal ridge 
low; bucculae closed in front. Macropterous, brachypterous and inter-
mediate forms present. 
Corythaica, erected by Stal (1873) for his Tingis monacha, and 
Dolichocysta, described by Champion (1898) , were originally quite dis-
tinct and easily separable, but their distinctive characters, the greater 
delicacy of venation in Corythaica, the greater inflation of the discoidal 
area in Dolichocysta, and the difference in paranotal shape, lost their sig-
nificance when subsequent species were found with combinations of these 
characters, thus necessitating the dissolution of the generic barriers and 
the suppression of Dolichocysta as a synonym of the older genus Cory-
thaica. Although there is still one character upon which the two genera 
could effectively be separated, that of the number of rows of cells in the 
hypocostal ridge, such a division seems unjustified when the general 
aspect of the two is so similar in some of the species. Typonotus Uhler 
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was made a synonym of Corythaica by Champion in 1897, and Leptotingis, 
described by Monte in 1938, he later (1942) placed in synonymy. 
Corythaica is easily separated from Stephanitis, Corythucha and 
Leptocysta by the narrow paranota and costal area and by the apical nar-
rowing of the elytra; from the other tingid genera of the Western Hemis-
phere it can be distinguished by its long, pointed hood situated at the 
anterior end of the pronotum and extending forward considerably beyond 
apex of head. 
There are some characters in this genus which at the present seem of 
little value in separating the species, either because of no notable differ-
ences or because of too great variation within a single species. In the 
former category are placed the lateral carinae, legs, and genital segments 
(the latter well presented by G. S. Walley in "Preliminary Study of Male 
Genital Armature of the North and South American Genera of Tingiti-
dae," unpublished M.S. thesis in Iowa State College library, p. 42, Pl. III, 
figs. 5 and 6, 1928), though these characters may prove of more impor-
tance later. In some of the more variable species the number of rows of 
cells in paranota, subcostal, discoidal, and costal areas, the length of the 
hood and the height of the median carina cannot be used reliably as dis-
tinguishing features because of their inconsistencies. In an attempt to 
overcome this difficulty the following key has been designed in such a way 
that the most variable species may terminate in more than one couplet. · 
It is to be hoped that this key, with the help of the accompanying descrip-
tions and figures, will make possible the accurate determination of exist-
ing_ species of Corythaica in other collections. 
KEY TO SPECIES OF CORYTHAICA STAL 
1. Hypocostal ridge with three rows of cells at base; paranota broad, 
triseriate ........................................................................................................ 2 
Hypocostal ridge with less than three rows of cells at base ................... . 3 
2. Median carina broadly bowed above, biseriate medially (South 
America) ............. ........................... ............ ....................... ..... ............ srnithi 
Median carina only slightly bowed, mostly uniseriate (North 
America) ....... ... .... ............ ..... ......................... ............... ......... .......... venusta 
3. Hypocostal ridge uniseriate ............................. ............................................. 6 
Hypocostal ridge biseriate ............................................................................ 4 
4. Hood flattened dorsally behind; costal area and median carina 
uniformly uniseriate .................................................................. .. .............. 5 
Hood distinctly convex behind, costal area and median carina 
wider, irregularly uni-biseriate .............. .. ............................ .... umbrosa 
5. Paranota uniformly reflexed, outer margin straight; median car-
ina of uniform height; hood more than twice as long as broad .. bellula 
Paranota more sharply reflexed in front, outer margin sinuate; 
median carina arched on disk; hood less than twice as long as 
broad .................................................................................................... .. acuta 
6. Inner vein of discoidal area inconspicuous, scarcely elevated .. ............ 7 
Inner vein of discoidal area strongly upraised ........................................ 8 
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7. Paranota reflexed, with outer margin angulate; elevation of dis-
coidal-subcostal areas tectiform ... .......... .... ..... .................... .. .... monacha 
Paranota flared, with outer margin rounded; elevation of dis-
coidal-subcostal areas somewhat inflated .... ..... .... ... ....... ......... .. caestri 
8. Hood very straight above, from base to beyond middle, median 
vein strongly upraised and flanked on each side by row of cells 
distinctly impressed longitudinally ............ ................ ............ carinata 
Hood arched dorsally . .. . . . . .. . . . .. . . .. . . . .. . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. . . .. . . . . . . . . ... . . . . ... ... . . . . . 9 
9. Costal area at least partly uniseriate ........................................................ 10 
Costal area biseriate throughout .. ............. ............................................... 13 
10. Costal area with one row of fairly regular, rectangular cells (oc-
casionally extra ones opposite discoidal area only), and of equal 
width throughout, with outer margin distinctly constricted 
beyond apex of discoidal area ................................................................ 11 
Costal area with cells more irregular in size and shape, with extra 
cells beyond apex of discoidal area, wider there and usually not 
sharply constricted on the margin ........................................................ 12 
11. Median carina at least twice as high as lateral carinae .............. .. costata 
Median carina little higher than lateral carinae ............... ....... cytharina 
12. Hood bulbous, no more than twice as long as broad, not distinctly 
compressed laterally ...... ..... ............................................. .. , ........ ... .. .. bosqi 
Hood compressed laterally and more than twice as long as 
broad .......................................................... ................ .... ..... .. ... .. cyathicollis 
13. Costal area of uniform width with two regular rows of equal cells; 
paranota flared, the outer margin rounded ... ....... .... ... ........ ... cucul~ata 
Costal area with cells of irregular sizes and shapes; paranota with 
a distinct upward fold in front and the outer margin sinuate 
and subangulate .. ............... ..................................... ........... .. .. . cyathicollis 
1. CORYTHAICA MONACHA (STAL) 
(Plate I, Fig. 6) 
Tingis monacha STAL, 1860, Rio Hemip. 1: 64. 
Corythaica monacha STAL, (in part), 1873, Enum. Hemip. 3:128. LETHIERRY ET 
SEVERIN (in part), 1896, Cat. Gen. Hemip. 3: 15. CHAMPION, 1897, Biol. 
Centr. Amer., Rhynch. 2: 9. GIBSON (in part), 1919, Proc. Biol. Soc. Wash. 
32: 99. DRAKE AND BRUNER, 1924, Mem. Soc. Cubana Hist. Nat. 6: 151 (Re-
print, p. 10.) *BRUCK AND DESLANDES, 1927, Alman, Agr. Brasil, Sao Paulo, 
p. 265. *FAGUNDES, 1928, Contrib. ao 2° Congr. Criadores, Porto Alegre, p. 7. 
DRAKE, 1930, Amer. Mus. Nov. 398: 1. *DA COSTA LIMA, 1930, 0 Campo, Rio 
de Janeiro, 1(7):38. *RONNA, 1933, Egatea, Rev. Esc. Eng. de Porto Alegre 
18: 98. DRAKE AND HAMBLETON, 1934, Rev. de Ent., Rio de Janeiro, 4: 450. 
MONTE, 1934, Bibl. Agric. Pop. Brasil, Sao Paulo, p. 60. DRAKE, 1935, Konowia 
14: 20 ("monancha"). DA COSTA LIMA, 1936, Cat. Ins. Brasil, p. 126. DRAKE 
AND POOR, 1937, Mem. Carnegie Mus. 11:311. MONTE, 1937, Rodriguesia 
8: 30. MONTE, 1939, Rev. Soc. Bras. Agr. 2: 5 (24). MONTE, 1940, Arquiv. Zool., 
Sao Paulo, 2:87. MONTE, 1942, Pap. Avul. Zool., Sao Paulo, 2:111. MONTE, 
1943, Biol., Sao Paulo, 9: 113-115. 
---
*References not seen by this author; probably refer to C. cyathicollis instead of 
C. monacha. 
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Hood elongate, bulbous, curving slightly downward in front of head, 
quite variable in length and width. Paranota wide, angular, mostly 
triseriate with three to five rows of cells at widest point, opposite base of 
hood; slightly reflexed anterior to humeri. Lateral carinae converging 
somewhat at middle and at both ends. Median carina varying from uni-
seriate to mostly biseriate with a corresponding variation in height, the 
highest point being about one third the distance from the anterior end. 
Elytra with costal area mostly biseriate with an occasional extra cell at 
widest point and slightly constricted opposite apex of discoidal area; sub-
costal area mostly triseriate, with as many as five rows of cells in some 
specimens; discoidal area usually three or four cells wide, sloping steeply 
from the highly elevated outer margin and running smoothly into the 
sutural area without being interrupted either by a depr~ssion of discoidal 
area or by an elevation of the boundary vein; discoidal-subcostal eleva-
tion tectiform. Intensity of color markings variable, pattern as in figure; 
legs and antennae testaceous. Hypocostal ridge uniseriate. 
Length, 2.8 to 3 mm.; width, 1.1 mm. Type in Stockholm Museum; 
cotype in Drake collection. 
The large series of this species in Dr. Drake's collection shows wide 
variation and possibly includes two species. In general, there is a ten-
dency for the specimens with the higher median carina also to have broad-
er paranota, longer hood and higher discoidal elevations, but this pattern 
of variation is disrupted often enough by specimens of mixed extremes or 
intermediate forms to make a specific separation difficult and inadvisable. 
It is regrettable that there are not' more complete host plant records on 
these forms. Since both extremes have been collected from the same re-
gions the variations are not likely to be geographical but they may be 
linked with food plant differences. 
This species is not as widespread nor as important economically as 
the number of its citations in literature would suggest, because C. cya-
thicollis, the species about which many of these references were written, 
has been included in C. monacha since 1873 when Stal erroneously made 
it a synonym. C. monacha may be distinguished readily from C. cyathicol-
lis, with which it has been confused for so long, by its smaller size and its 
inconspicuous discoidal-sutural boundary vein. In C. cyathicollis the dis-
coidal area is distinctly impressed along its inner border and the boundary 
vein is upraised. In C. caestri the paranota are less angulate than in C. 
monacha and are not reflexed anteriorly. 
LOCALITY: The eggplant lace bug, cited frequently from the West 
Indies as C . monacha, is in reality C. cyathicollis; the true C. monacha has 
not been collected in the West Indies. It has been collected, however, in 
Minas Gerais, Rio de Janeiro (Stal), Rio Grande do Sul and Sao Paulo, 
.Brazil; Chaco, San Bernardino and Horquetas, Paraguay; Guarenas, 
Miranda and El Valle, D . F., Venezuela. The Chile locality given by Drake 
and Poor (1937) is an error. 
HOST PLANTS: The Malvaceous Sida cordifolia L . (vassourinha), 
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Sida rhombifolia L., possibly cotton (Monte, 1943), and Sida glomerata 
(Drake and Hambleton, 1934) . 
2. CORYTHAICA CYATHICOLLIS (COSTA) 
(Plate I, Fig. 5) 
Tingis cyathicollis COSTA, 1864, Ann. Mus. Zoo!. Napoli 2: 78, 146, Pl. 2, Figs 4, 4a, 4b. 
WALKER, 1873, Cat. Hemip. Heter. British Museum 6:182. 
Corythaica monacha STAL (in part), 1873, Enum. Hemip. 3: 128. LETHIERRY ET 
SEVERIN (in part), 1896, Cat. Gen. Hemip. 2: 15. CHAMPION (in part), 1898, 
Trans. Ent. Soc. London, p. 58. VAN ZWALUWENBURG, 1915, Rpt. Porto Rico 
Agr. Exp. Sta. p. 43. JONES, 1915, USDA Bul. 192: 4. COTTON, 1917, Jour. 
Dept. Agr. Porto Rico 1: 170-173 (Biology and control). °COTTON, 1918, Jour. 
Dept. Agr. Porto Rico 2:297. GIBSON (in part), 1919, Proc. Biol. Soc. Wash. 
32:99. BARBER, 1923, Amer. Mus. Nov. 75:12 ("moncha"). WOLCOTT, 1924, 
Jour. Dept. Agr. Porto Rico 7:246. WOLCOTT, 1924, Ins. Exp. Sta. Porto Rico, 
Bul. 32: 104, Fig. 58. PICKEL, Chae. e. Quint., Sao Paulo, 38: 145-147 (fide 
MONTE, 1943, 0 Biol., Sao Paulo, 9: 120). 
Leptobyrsa passiflorae BERG, 1883, Ann. Soc. Arg. 16: 85 (Reprint, 1884, Hemip. Arg. p. 
102). PENNINGTON, 1921, Rep. Arg. 2: 20. 
Typonotus planaris UHLER, 1893, Proc. Zoo!. Soc. London, p. 716. UHLER, 1894, 
Proc. Zool. Soc. London, p. 203. CHAMPION, 1897, Biol. Cenfi'. Amer. Rhynch. 
2:9. . 
Corythaica planaris DRAKE AND BRUNER, 1924, Mem. Soc. Cubana Hist. Nat. 6: 151 
(Reprint, p. 10). BARBER, 1924, Jour. N. Y. Ent. Soc. 32: 136. DRAKE AND 
HAMBLETON, 1934, Rev. Ent., Rio de Janeiro, 4:451. DRAKE, 1935, Konowia-
14: 20 ("planaria"). DA COSTA LIMA, 1936, Cat. Ins. Brazil, p. 126. MONTE, 
1937, Chae e. Quint., Sao Paulo, 56:79, Fig. MONTE, 1937, 0 Campo, Rio de 
Janeiro, 8(89):72. MONTE, 1937, Rodriguesia 8:31. DRAKE AND POOR, 1937, 
Mem. Carnegia Mus. 11: 311. MONTE, 1938, An. Soc. Cient. Argent. 126: 391. 
BARBER, 1939, N. Y. Acad. Sci. 14: 369. SOARES, 1941, Bol. Esc. Nae. Agr., Rio 
de Janeiro, 2: 262-263, Figs. (fide MONTE, 1943, 0 Biol., Sao Paulo, 9: 120). 
Corythaica passiflorae DRAKE, 1928, Physis 9: 72. MONTE, 1942, Pap. Avul. Zoo!., Sao 
Paulo, 2: 110. MONTE, 1943, 0 Biol., Sao Paulo, 9: 113-120, Fig. (Biology and 
control). 
Corythaica cyathicollis DRAKE AND POOR, 1938, Not. Mus. La Plata 3: 108. MONTE, 
1939, Rev. Chilena Hist. Nat. 43:105. MONTE, 1939, Rev. Soc. Bras. Agr. 2:5(23). 
MONTE, 1940, Arquiv. Zoo!., Sao Paulo, 2: 86. DRAKE AND HAMBLETON, 
1942, Iowa State College Jour. Sci. 16: 330. 
Hood elongate, narrow, compressed laterally, curved downward in 
front. Paranota angular, wide, with four to five rows of cells opposite 
humeri, the anterior half distinctly reflexed. Lateral carinae slightly con-
verging at middle and at both ends, the cells faintly bulbous; median carina 
biseriate at highest point, arising abruptly beyond disk in some specimens, 
gradually rising to apex of triangular process in others, and occasionally 
uniformly high throughout its length. Elytra with costal area sometimes 
irregularly uniseriate, sometimes regularly biseriate, but usually irregu-
larly biseriate; subcostal area with generally three rows of cells but in 
some specimens as many as five; discoidal area mostly triseriate but oc-
casionally wider, with elevation of outer margin very slightly inflated and 
inner margin distinctly impressed within prominently. raised discoidal-
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sutural vein. Color variable, ranging from whitish-testaceous with rather 
delicate markings to light brown with dark brown pattern. The costal 
area and curved band near apex of elytra hyaline; legs and antennae 
usully testaceous. Hypocostal ridge uniseriate. 
Length, 2.98 to 3.61 mm.; width, 1.4 mm. Type lost. 
This species was described in 1864 by Costa as Tingis cyathicollis but 
was erroneously put into synonymy with monacha by Stal (1873) where 
it remained in obscurity until it was uncovered by Drake and Poor (1938). 
Unfortunately Costa's type has been lost and his original description 
could be interpreted to fit either species. Monte (1942) is of. the opinion 
that the description fits monacha better than Berg's passiflorae (Uhler's 
planaris) because of "Elitre con l'ampolla discoidale oblunga e poco 
rigonfiata," and because Costa lived for 26 years without contesting Stal's 
disposal of his species. To me it seems that "little inflated" describes very 
well the very slight inflation of the discoidal area of passiflorae and if 
Costa had no specimens of Stal's species he certainly could tell little about 
how closely it matched his from Stal's brief description. Stal was not 
alone in overlooking the essential difference between the two species, for 
they have been lumped together in collections for many years. This dis-
tinguishing feature is the prominent vein between discoidal and sutural 
areas of cyathicollis as contrasted with the continuity of these two areas 
in monacha in which the dividing vein is no more conspicuous than the 
veinlets within the areas. Costa's figure (1864), although rather stylized 
in most respects and not detailed enough to show some other features , 
shows very clearly the distinct shadows along the inner discoidal vein, 
thus indicating that the adjacent area is impressed and the vein itself up-
raised. To me this seems definitely to separate Costa's species from Sta.l's 
and thus leaves both names valid, suppressing instead Berg's passiflorae 
and Uhler's planaris. Champion overlooked the same distinguishing fea-
ture when he compared the types of Sta.l's monacha and Uhler's planaris 
and pronounced them identical. Specimens from these type series show 
the same difference that is mentioned above and planaris appears to be 
cyathicollis i~tead of monacha. Monte (1942) agrees with Drake and 
Poor (1938) in the inclusion of passiflorae in this species. 
Corythaica cyathicollis is a pest of considerable economic importance 
and a great many records exist concerning its damage to various plants. 
Unfortunately it is under the name of monacha that many of these records 
appear, although the true monacha never has been collected in the West 
Indies where th.e eggplant lace-bug has received much attention. Van 
Zwaluwenburg (1915) reports this insect "very common on the under-
leaf surface and on the topmost leaves of eggplant." Cotton (1917) 
describes "small flask-shaped eggs in the tissue of the leaves-small 
wingless nymphs-attain adult form in about ten days after hatching." 
Soap and water spray was recommended for the control of this lace-bug 
by Cotton (1917) and Wolcott (1924) and a nicotine-soap solution by 
Monte (1943). Cotton (1917) presents the life history, descriptions of 
stages, natural enemies and control of this insect, as does also Monte 
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(1943). Soares (1941) describes a chalcid parasite, Ana,phes tingitipha-
gus Soares (Mymaridae) which he claims is over 80 % efficient as a con-
trol for this pest. Incidentally, in addition to Corythaica cyathicolLis and 
C. carinata there is another tingid, Gargaphia. solani Heid. (1914) which 
is also a pest of importance on eggplant. 
LOCALITY: Since there are so many records of this species only 
general localities are given here: St. Vincent's Island, Martinique, Gren-
ada, Cuba and Puerto Rico in the West Indies; the east coast states of 
Bahia, Sao Paulo, Minas Gerais and Rio Grande do Sul, Brazil; Salta, 
Jujuy and Buenos Aires provinces, Argentina; and Aracataca, Colom-
bia. Undoubtedly further collection will reveal an even wider distribu-
tion for this common species. Costa's type (lost) was recorded from Sao 
Paulo, (Costa, p. 78) but since the locality was given on a different page 
from the description it has been overlooked by many authors and cyathi-
coUis was listed by Walker (1873) under the heading "Country Un-
known." 
HOST PLANTS: Solanum melongena L. (eggplant), S. eleagnifol-
ium Cav. (meloncillo del campo), S. torvum, S. sisymbrifolium Lam., S. 
racemiflorum, S. halbissi Dun. (jua do matto), S. gilo (gilo), S. quitoensis, 
S. juribeba Rich (jurubeba), S. variabile Mart., S. tuberosum L. (potato), 
Lycopersicum esculentum Mill. (tomato); also collected on tobacco and 
cabbage in Puerto Rico. Drake and Hambleton (1934) and Monte (1937, 
1938, 1940) have contributed greatly to the list of host plants of this species. 
3. CORYTHAICA CYTHARINA (BUTLER) 
(Fig. 2, a and b) 
Monanthia cytharina BUTLER, 1877, Proc. Zool. Soc. London, p. 90. 
Leptostyla cytharina CHAMPION, 1924, Ent. Month. Mag. 40: 260. 
Corythaica renormata BARBER, 1925, Zoologica 5: 251. 
Corythaica cytharina BARBER, 1934, Medd. Zool. Mus. Osla 42: 236. MONTE, 1940, 
Arquiv. Zool., Siio Paulo, 2: 88. DRAKE AND HAMBLETON, 1942, Iowa State 
College Jour. Sci. 16: 330. 
Hood bulbous, high at middle and curved downward in front, broader 
at base. Paranota angular, wide, with mostly three rows of cells; the an-
terior half sharply reflexed. Median carina uniseriate, slightly lower in 
front, the rest of uniform height. Elytra with costal area of uniform width 
·except narrower at base, mostly uniseriate with an occasional extra cell 
at widest part of elytra, margin somewhat constricted beyond apex of dis-
coidal area; subcostal area quadriseriate; discoidal area with four to five 
rows of cells, slightly raised at outer margin and impressed within dis-
tinctly raised inner marginal vein. Whitish testaceous with brown mark-
ings; legs and antennae testaceous. Hypocostal ridge uniseriate. 
Length, 2: 57 mm.; width, 1.06 mm. Type in British Museum (Bar-
ber's type in William Beebe's Collection). 
This species was described as Monanthia cytharina by Butler (1877), 
then changed to the genus Leptostyla by Champion (1924) and finally 
·. 
THE GENUS CORYTHAICA 87 
placed in Corythaica by Barber (1934) who at the same time declared his 
·c. renorrmata (1925) a synonym of cytharrina. C. cytharrina is very similar 
to the Peruvian costata Gibson and it may well be the same species. How-
ever, there is some difference in the median carinae and in the amount 
of elevation of the discoidal areas. Whether cytharina has been isolated 
on the Galapagos Islands long enough to have developed into a speci:es 
distinct from costata, from which it is probably derived, is a question 
which can better be decided when more material and data are available. 
It is possible that the Galapagos form is no more than a variety of the 
species from Peru, Colombia and Ecuador, all costal localities as close to 
the Galapagos Islands as can be found, but, in case of delegating one 
species as a variety of the other; priority rules would dictate that the main-
land form be made a variety of the island form. Considering the relation-
ship between these localities this seems an implausible solution. For the 
present it appears advisable to keep the two species separate. 
LOCALITY: James Island (Butler), Daphne Major Island (Barber), 
North Seymour Island, Indefatigable Island (Sullivan Bay), Jervis Island 
and Gardener, near Hood Island, Galapagos Islands. The four last named 
localities represent collections made by the Templeton Crocker Expedi-
tion in 1932. 
HOST PLANT: Unknown. 
4. CORYTHAICA CUCULLATA (BERG) 
(Fig. 1) 
Leptobyrsa cucuHata BERG, 1879, Hemip. Arg. p. 135. PENNINGTON, 1921, Rep. Arg. 
2:20. 
Corythaica cucullata DRAKE AND POOR, 1938, Not. Mus. La Plata 3: 108. Fig. 2. 
MONTE, 1940, Arquiv. Inst. Biol., Sao Paulo, 11: 284. MONTE, 1940, Arquiv. 
Zool., Sao Paulo, 2: 88. MONTE, 1943, 0 Biol., Sao Paulo, 9: 114. 
Hood bulbous, tapering to point at apex, curved doWRward in front 
of head. Paranota of uniform width, slightly ruffled but not reflexed, 
three to four cells wide, outer margin rounded. Median carina uniseriate, 
biseriate on disk, of almost uniform height, slightly tapering apically. 
Elytra with costal area very regularly biseriate except at narrow uni-
seriate base; subcostal area irregularly quadriseriate; discoidal area with 
three to four rows of .cells, inner edge distinctly impressed adjacent to 
prominent discoidal-sutural vein, posterior two-thirds raised with sub-
costal area in large bulbous elevation. Whitish testaceous, sometimes with 
brownish spots at widest point of costal area and paranota, on median 
carina behind high point of disk, at apex·of discoidal area and just anterior 
to tumid elevation; apex of sutural area with crescent-shaped light streak; 
legs and antennae testaceous. Hypocostal ridge uniseriate. 
Length, 2.5 mm.; width, 1.15 mm. Type in La Plata Museum, Buenos 
Aires, Arg. 
The shape of the paranota in this species is most like that of caestri 
but its prominent discoidal-sutural vein easily distinguishes it from the 
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latter. The rounded paranota and the regularly biseriate costal area sep-
arate it from cyathicollis. The type specimen, (La Plata Museum) fro~ 
which Figure 1 was drawn, has one elytron missing. 
LOCALITY: Buenos Aires Prov.; Las Tortugas, Santa Fe; and Cor-
doba, Argentina. 
Pronotum: 
Paronotum 
Disk-----i.:;~m 
Lateral Corino--......,,rlil!ili 
Median Carino-+...._~~ 
Discoidol Area--...... __..-
Costol Area----',.--
' 
' 
Suturol Area---'.,.___,_._ 
I 
I 
' 
' 
' \ 
\ 
' \ 
Frc. 1. Corythaica cucitllata (Berg) 
HOST PLANT: Sphaeralcea miniata (Cav.) Spach. (Malvaceae). 
Monte (1940) furnishes the only host record of this species. 
5. CORYTHAICA CARINATA UHLER 
(Plate I, Fig. 1) 
Corythaica carinata UHLER, 1894, Proc. Zool. Soc. Lond., p. 203. UHLER, 1886, Check-
list Hemip.-Heterop. N. Amer., Brooklyn Ent. Soc., p. 22 (Name, no description). 
LETHIERRY ET SEVERIN, 1896, Cat. Gen. Hemip. 3: 15. CHAMPION, 1897, 
Biol. Centr.-Amer., Rhynch. 2:9, Tab. I, Fig. 11, lla. CHAMPION, 1898, Trans. 
Ent. Soc. Lond., p . 59. VAN DUZEE, 1907, Bul. Buffalo Soc. Nat. Sci. 8:19. GIB-
SON, 1919, Proc. Biol. Soc. Wash. 32:100. BARBER, 1923, Amer. Mus. Nov. 
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75: 13. DRAKE AND BRUNER, 1924, Mem. Soc. Cubana. Hist. Nat. 6: 151 (Re-
print, p . 9) . WOLCOTI', 1924, Jour. Dept. Agr. Porto Rico 7: 246. BARBER, 
1939, N. Y. Acad. Sci. 14:369. MONTE, 1940, Arquiv. Zool., Sao Paulo, 2:88. 
MONTE, 1943, 0 Biol., Sao Paulo, 9: 114. 
Corythaica constricta OSBORN AND DRAKE, 1917, Ohio Jour. Sci. 17:304 . . VAN 
DUZEE, 1917, Cat. Hemip. Amer. N. of Mex. p. 817. 
Dolichocysta constricta GIBSON, 1919, Proc. Biol. Soc. Wash. 32: 103. 
b 
Fic. 2. Corythaica cytharina (Butler) 
(Terzi del.) 
Hood very long and narrow, flattened dorsally, in profile very straight 
along median vein from base .to beyond middle, only very faintly curved 
downward in front, anterior haV extending beyond eyes; row of cells on 
each side of median vein distinctly impressed longitudinally. Paranota 
narrow, biseriate and rounded, not reflexed and angulate as in acuta. 
Median carina uniseriate, of uniform height. Elytra with costal area with 
one row of fairly large cells, wider beyond discoidal area; subcostal area 
triseriate in some specimens, quadriseriate in most; discoidal area with 
three to four rows of cells, impressed, the outer margin slightly raised, the 
highest point about three-fourths of the distance from base to apex, this 
elevation marked by a darkened spot on the vein. Some specimens whit.-
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ish, others with darkened veins and markings; legs and antennae testa-
ceous to light brown. Hypocostal ridge uniseriate. 
Length, 2.5 mm.; width, .8 mm. Types in British Museum; one cotype 
in Drake Collection. 
C. carinata can be distinguished easily from bellula by its uniseriate 
hypocostal ridge and from the rest of its congenors by its narrow paranota 
and very long hood. 
This frequently recorded species from the West Indies was fust 
described by Uhler in 1894. In 1917 Osborn and Drake described a new 
species from Colorado, Corythaica constricta, which Drake and Bruner 
later (1924) placed in synonymy with Uhler's species after Gibson (1917) 
had erroneously transferred it to the genus Dolichocysta. Despite the 
great distance between the type localities it is quite apparent from a com-
parison of types that the two species are identical. This species is well 
figured by Champion (1897) . 
LOCALITIES: La Ceiba, Honduras; Santo Domingo and San Chris-
tobal, Dominican Republic; Mount Gay Estate, leeward side, Grenada 
(Uhler); Montego Bay, Jamaica; Rio Piedras, Puerto Rico; Port-au-
Prince, Haiti; Santiago and Caimito, Cuba; Los Carritos, Guatamala; 
Colorado (Osborn and Drake) and Texas. 
HOST PLANTS: Solanum melongena L. (eggplant, Solanaceae) and 
"Malvaceous plants in Haiti" (Barber, 1939). 
6. CORYTHAICA VENUSTA (CHAMPION) 
(Plate I , Figs. 8, Sa) 
Dolichocysta venusta CHAMPION, 1898, Trans. Ent. Soc. Lond., p. 57, Pl. 2, Fig. 1. 
VAN DUZEE, 1916, Check-list Hemip. Amer. N. of Mexico, p. 25. VAN DUZEE, 
1917, Cat. Hemip. Amer. N. of Mexico, p. 215. DRAKE, 1917, Ohio Jour. Sci. 
17:214. GIBSON, 1919, Proc. Biol. Soc. Wash. 32:102. MONTE, 1942, Pap. Avul. 
Zool., Sao Paulo, 2: 112. 
Dolichocysta magna GIBSON, 1919, Proc. Biol. Soc. Wash. 32: 102. 
Dolichocysta densata GIBSON, 1919, Proc. Biol. Soc. Wash. 32:102. MONTE, 1942, 
Pap. Avul Zool., Sao Paulo, 2: 112, Fig. 3. 
Dolichocysta obscura VAN DUZEE, 1923, Proc. Calif. Acad. Sci. 12: 140. 
Hood elongate, broad at base and narrowing toward apex, curving 
downward anteriorly over head. Paranota rounded, triseriate at widest 
point, anterior to humeri. Pronotum with lateral carinae distinctly bowed 
inward at center; median carina variable, uniseriate with occasionally 
extra cells at middle. Elytra in brachypterous form narrowing acutely 
at tip, in intermediate form longer beyond discoidal area but very narrow 
at apex (see figure), in macropterous form narrowed more gradually; 
costal area with one or two rows of irregular cells; subcostal area with 
five rows of cells and discoidal with mostly five, these two areas promi-
nently raised together in a bulbous elevation at approximately the middle 
or the vein separating them. Reticulations somewhat coarse and dark 
though variable, areolae whitish; legs and antennae light brown, apical 
segments darker. Hypocostal ridge triseriate at base, biseriate to apex. 
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Length, 2.85 mm.; width, 1.45 mm. Types in Naturhistorisches 
Staatsmuseum, Vienna. 
The extreme variability of this species has caused it to be described 
under four different names, all of which seemed at one time to be valid, 
but further study of large series of these species from several locations 
has revealed that they blend into one another so completely as to be in-
distinguishable. The Gibson types in the United States National Museum 
were compared with venusta by Mr. Barber, Dr. Drake and this author, 
with the r esulting opinion that they· are all the same species. The type of 
obscura Vern Duzee in the California Academy of Sciences (# 998) com-
pared very favorably with specimens of venusta from Tucson, Arizona. 
The Arizona series exhibited considerable variation and Mr. Van Duzee 
agreed that there was not adequate difference to consider his species dis-
tinct from Champion's. 
Champion (1898) presents an excellent figure of this species and 
another very good drawing (by Ruth Carvalho) appears with a rede-
scription of densata Gibson by Monte (1942), a synonym of venusta 
(Champion). 
Corythaica venusta may be separated from smithi by its lower median 
carina and more abruptly raised elevation of discoidal and subcostal 
areas; from the rest of the genus it is much more easily separated by its 
triseriate hypocostal ridge. 
LOCALITIES: Guadalupe, Lower California (Champion); Rincon 
Mountains, Santa Rita Mountains, Mt. Lemmon and Tucson, Arizona; Los 
Angeles Co., California; Albuquerque and Vado, New Mexico; Guaymas, 
Mexico (Van Duzee); San Diego, Texas (densata); Ft. Collins (magna), 
Pueblo, Estes Park and Sterling, Colorado; Hays and Hill City, South 
Dakota; Cheyenne Co., Kansas; Nebraska. 
HOST PLANTS: Eriogonum (Polygonaceae) (Ariz.); Salsola pesti-
fer A. Nels (Russian thistle, Chenopodiaceae) (N. Mex.); "grasslands" 
(S. Dak.). 
7. CORYTHAICA CAESTRI (REED) 
(Fig. 3) 
Tingis caestri REED, 1900, Rev. ·chilena Hist. Nat. 4: 181 (Reprint, p. 88) . 
Corythaica cuculla.ta DRAKE AND POOR (in part), 1938, Not. Mus. La Plata 3:108. 
Corythaica ca.estri DRAKE, 1939, Rev. Ent. 10: 333. MONTE, 1940, Arquiv. Zool., Sao 
Paulo, 2: 88. 
Hood elongate, compressed laterally, acutely narrowed at apex. 
Paranota flared but not reflexed, three to four cells wide, widest opposite 
anterior end of lateral carinae, margin broadly sinuate. Median carina 
biseriate and of uniform height. Elytra with costal area biseriate, the 
cells irregularly arranged and not of uniform size; subcostal area with 
from four to five rows of cells, the outer row smaller and on approximate-
ly the same plane as the costal area, i.e., the bend between the two areas 
occurring between the two outermost rows of discoidal cells instead of 
at the boundary vein; discoidal area three to four cells wide, strongly 
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raised at the outer margin, the resulting elevation of discoidal and sub-
costal areas slightly inflated; inner marginal vein of discoidal area incon-
spicuous posteriorly, not prominently raised, leaving uninterrupted slope 
of discoidal and sutural areas. Brachypterous form with abbreviated 
elytra acutely narrowed apically; intermediate form with elytra longer 
F IG. 3. C01·ythaica caestri (Reed) 
but apically narrowed in same acute style; true macropterous form, with 
tips of elytra more gradually rounded, not yet known. Light testaceous 
with dark markings, especially across widest part of elytra and at apex. 
Hypocostal ridge uniseriate. 
Length, 2.5 mm.; width, 1.16 mm. Type in Drake Collection. 
For a long time the type specimens of this species were not to be 
found and the original description rather generally fitted the whole genus. 
Because of this the species was erroneously assumed to be the same as C. 
cucuLlata. As soon as Reed's specimens were examined, however, the dis-
tinctions between the two species were apparent. In form of paranota they 
are rather similar but the prominent inner marginal vein of the discoidal 
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area of cucullata immediately separates it from caestri, in which the re-
lationship between discoidal and slAtural areas much more closely resem-
bles that in monacha. From the later species caestri may be distinguished, 
though not quite so easily, by the difference in shape of paranota and the 
slight inflation of discoidal-subcostal elevation. 
LOCALITY: The four specimens in the type series are marked mere-
ly "ex Edwyn C. Reed Chilean collect., Sinop. Hem. Chile." In Reed's 
original description (1900) this species is said to be "found in the central 
provinces." At this time it has not yet been reported outside of Chile. 
HOST PLANT: None recorded. 
8. CORYTHAICA ACUT A (DRAKE) 
(Plate I, Fig. 3) 
Dolichocysta acuta DRAKE, 1917, Ohio Jour. Sci. 17:214. 
Corythaica acuta GIBSON, 1919, Proc. Biol. Soc. Wash. 32: 100. MONTE, 1940, Arquiv. 
Zool., Sao Paulo, 2: 88. 
Hood broad at base, flattened dorsally, distinctly curved downward 
at apex. Paranota biseriate, anterior half sharply reflexed, giving angu-
lar appearance from above. Median carina uniseriate, distinctly arched 
on disk. Elytra with costal area uniseriate, narrow; subcostal area with 
four or five rows of cells; discoidal area mostly four cells wide, impressed, 
with outer margin sinuate, gradually raised to point about two-thifds 
the distance from base to apex, abruptly lowered beyond, inner marginal 
vein upraised. Whitish-testaceous; legs and antennae testaceous. Hypo-
costal ridge biseriate. 
Length, 2.1 mm.; width, .9 mm. Type in Drake Collection. 
The biseriate hypocostal ridge separates this species from all its 
congenors except bellula and umbrosa, from the former of which it can 
be distinguished by its angular paranota and from the latter by its uniform 
costal area and the upraised vein separating discoidal and sutural areas. 
LOCALITIES: Glasgow, Montana; Boulder, Fort Collins and Estes 
Park, Colorado. 
HOST PLANT: Unknown. 
9. CORYTHAICA BELLULA TORRE-BUENO 
(Plate I, Fig. 2) 
Corythaica bellula TORRE-BUENO, 1917, Bul. Brooklyn Ent. Soc. 12:19. VAN 
DUZEE, 1917, Cat. Hemip. Amer. N. of Mex:p. 817. GIBSON, 1919, Proc. Biol. 
Soc. Wash. 32:100. BLATCHLEY, 1926, Heterop. East N. Amer. p. 471. DRAKE, 
1928, Cornell Univ. Agr. Exp. Sta., Mem. 101: 102. DRAKE, 1930, Bul. Brooklyn 
Ent. Soc. 25: 268. MONTE, 1940, Arquiv. Zool., Sao Paulo, 2: 88. 
Corythaica floridana BLATCHLEY, 1926, Heterop. East N. Amer. p. 472. 
Hood broad at base, tapering to point at apex; flattened dorsally. 
Paranota biseriate, rounded, only slightly reflexed. All three carinae 
uniseriate, uniformly high. Elytra with costal area narrow, with one row 
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of small, regular cells; subcostal area with five rows of cells, the veins 
heavy and dark; discoidal area triseriate, sloping downward toward mid-
dle from the upraised outer border, inner margin slightly upraised. Mem-
branes white; median vein of hood, veins on pronotum, subcostal area, 
base and apex of discoidal area and parts of sutural area darkened; legs 
and antennae testaceous. Hypocostal ridge with two rows of irregularly 
arranged cells, sometimes with an extra cell between. 
Length, (M) 2.2 mm., (B) 1.98 mm.; width, .8 mm. Type in Torre-
Bueno Collection. 
This species is quite distinct from the rest of the genus and is very 
easily separated from the other species: from carinata by its biseriate 
hypocostal ridge and wider subcostal area and from the remaining species 
by its narrow, rounded paranota. 
Blatchley's floridana (1926) was suppressed as a synonym of bellula 
Torre-Bueno (1917) by Drake (1930). 
LOCALITIES: White Plains, New York (Torre-Bueno) and Dune-
din. Florida (floridana). 
HOST PLANT: Collected in "grassy meadow." 
10. CORYTHAICA COST AT A GIBSON 
• (Plate I, Fig. 4) 
Corytha.ica costa.ta GIBSON, 1919, Proc. Biol. Soc. Wash. 32: 99. FENTON, 1924, 
Canadian Ent. 66: 199. MONTE;, 1940, Arquiv. Inst. Biol., Sao Paulo, 11: 284. 
MONTE, 1940, Arquiv. Zool., Sao Paulo, 2: 88. DRAKE AND HAMBLETON, 
1942, Iowa State College Jour. Sci. 16: 330. MONTE, 1943, 0 Biol., Sao Paulo, 
9:114. 
Hood bulbous, convex, narrowing and curving downward in front. 
Paranota mostly three cells wide, reflexed in front, margin angulate. 
Median carina arched, uniseriate at both ends, biseriate opposite base 
of elytra, there twice as high as lateral carinae. Elytra with costal area 
uniseriate or biseriate opposite discoidal area but with never more than 
one row of cells beyond middle, margin constricted beyond apex of dis-
coidal area; subcostal area with four rows of cells, the outer ones much 
smaller than the inner; discoidal area 4- to 5-seriate, raised and inflated 
with subcostal area long outer margin, impressed along inner margin and 
separated from sutural area by a conspicuously raised vein. Whitish tes-
taceous with dark markings, including the vein at the point of cons.triction 
of the elytra. Hypocostal ridge uniseriate. 
Length, 2.65 mm.; width; 1.06 mm. Types (holotype and paratype) 
in the U.S. National Museum. 
This species is very closely allied to C. cytharina (Butler) and per-
haps even synonymous with it. It can be distinguished, however, by its 
higher median carina and more bulbous elevation of discoidal-subcostal 
areas. If Gibson had seen Butler's species when he studied the genus it 
is doubtful that he would have described costata as new, but at that time 
cytharina was safely tucked away in the obscurity of the genus Mmwn-
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thia. It has been decided to leave the two species separate for the present 
time until there is further information about them. 
LOCALITY: Santa Clara (Gibson), Paita, Piura, Lima, Guadalupe 
and J equetepeque, Peru; Machala, Portoviejo and Salinas, Ecuador; 
Villavicencio, Colombia. 
HOST PLANTS: Gossypium sp. (cotton) and Lyc<Ypersicum escu-
lentum L. (tomato). This species may well turn out to be of as great eco-
nomic importance as cyathicollis, since it too is a pest of cultivated crops. 
In addition to Corythaica costata, there is another cotton tingid, Cory-
thucha gossypii (Fabr. 1794). 
11. CORYTHAICA SMITHJ DRAKE 
(Plate I, Figs. 7, 7a) 
Corythaica smithi DRAKE, 1921, Florida Ent. p. 50, Pl. I, Figs. a, a'. MONTE, 1940, 
Arquiv. Zool., Sao Paulo, 2: 88. 
Hood elongate, broader at base, narrower and curving downward at 
apex. Paranota rounded, with three to four rows of cells. Pronotum with 
median carina biseriate at middle, slightly higher than hood. Elytra with 
costal area biseriate, slightly wider anteriorly and with a few extra cells 
there; subcostal and discoidal areas with mostly five rows of cells, the 
tumid elevation in these areas broad, not abrupt; macropterous form, the 
only one known at the present, witb the elytra rounding gradually at 
apex. Whitish testaceous with dark markings; legs and antennae light 
with apical segments darker. Hypocostal ridge triseriate on basal half, 
biseriate apically. 
Lengtb, 2.9 mm.; width, 1.4 mm. Type in Carnegie Museum. 
This species is very similar to venusta which differs from smithi by 
having in general a lower median carina, narrower and less regularly 
seriate costal area, more abrupt elevations of the discoidal-subcostal area 
and heavier reticulations. However, venusta shows so much variation that 
in some specimens tbese distinctions are not so clear as in others. The 
general CJ.Spect of the two species differs and their locality range seems to 
justify keeping them distinct. Before this problem can be worked further 
it will be necessary to have more material of smithi. The type was figured 
with tbe original description (Drake, 1921). 
LOCALITY: Bonda, Colombia. 
HOST PLANT: Unknown. 
12. CORYTHAICA UMBROSA (MONTE) 
(Fig. 4) 
Leptotingis umbrosa MONTE, 1938, Bol. Biol., Sao Paulo, (n.s.) 3: 129. MONTE, 1939, 
Revista Soc. Bras. Agr. 2: 78. MONTE, 1940, Arquiv. Zool., Sao Paulo, 2: 121. 
Corythaica umbrosa MONTE, 1942, Pap. Avul. Zool., Sao Paulo, 2: 105, Fig. 1. MONTE, 
1943, 0 Biol., Sao Paulo, 9: 115. 
Hood bulbous, broad at base, convex above and narrowed acutely at 
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apex. Paranota from three to· four cells wide, mostly three, reflexed in 
varying degrees, in some only anteriorly and in others almost vertically 
throughout. Median carina highly arched, uniseriate at ends, hiseriate at 
middle; lateral carinae high, strongly bowed outward anteriorly and in-
ward medially, occasionally biseriate in spots. Elytra with costal area 
irregularly uni-biseriate, sometimes reflexed almost vertically, outer 
FIG. 4. Corythaica umbrosa (Monte) 
margin somewhat constricted at apex of discoidal area; subcostal area 
with four to six rows of cells, the outer ones tiny and the irµier ones much 
larger; discoidal area irregularly triseriate, strikingly raised along outer 
margin in an even arch to form slightly inflated elevation with subcostal 
area and sloping inward to sutural area with neither impression nor up-
raised marginal vein between them. Brachypterous form with elytra 
' acutely narrowed at apex; macropterous form more gradually rounded 
apically and with larger sutural cells. Whitish testaceous with dark mark-
ings. Hypocostal ridge biseriate, uniseriate at base and apex. 
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Length, (B) 2.2 mm., (M) 2.8 mm.; width, (B) 1.1 mm., (M) 1.2 mm. 
Type in Monte Collection. 
This species was originally described in a new genus Leptotingis by 
Monte (1938) from the brachypterous form but after having examined 
the macropterous form he corrected this error by transferring it to Cory-
thaica (1942). It is a very distinct species, readily separable from bellula 
FIG. 5. Corythaica bosqi Monte 
and acuta by its convex hood, uncompressed dorsally or laterally, and its 
broader paranota; from the rest of the genus it is easily distinguished by 
its biseriate hypocostal ridge. An excellent figure of the brachypterous 
form appears with the corrected name (Monte, 1942) . 
LOCALITIES: Belo Horizonte, Minas Gerais, Brazil; Horqueta, 
Paraguay and 260 kilometers west of Paraguay River in Grand Chaco. 
HOST PLANTS: Richardia braziliensis Gomes. (Poaia do campo) 
and Diodia. conferta D. C. (both Rubiaceae). Monte (1942) reports the 
interesting observation of specimens of umbrosa on leaves partly covered 
with soil. 
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13. CORYTHAICA BOSQI (MONTE) 
(Fig. 5) 
Corythaica bosqi MONTE, 1938, Anal. Soc. Cien. Argentina 126: 301: MONTE, 1940, 
Arquiv. Zool., Sao Paulo, 2: 88. 
Hood elongate, acutely narrowed at apex, bulbous, twice as long as 
broad, not compressed. Paranota mostly biseriate, widest opposite base 
of hood, reflexed anteriorly with margin sinuate. Median carina uni-
seriate, of uniform height, cells squarish. Elytra with costal area mostly 
uniseriate with two rows of cells beyond apex of discoidal area, then one 
row posteriorly, basal third sometimes biseriate; subcostal area with 
three to four rows of cells; discoidal area somewhat raised at outer margin 
with subcostal forming bulbous elevation, impressed within upraised in-
ner vein. Testaceous with dark markings. Hypocostal ridge uniseriate. 
Length, 2.8 mm.; width, 1.14 mm. Types in Monte Collection. 
This species most closely resembles cyathicollis, cucullata and costata. 
From cucullata it can be distinguished by its irregularly uniseriate costal 
area; from costata by the extra cells in the costal area beyond apex of 
discoidal area and lack of constriction there; and from cyathicollis by its 
more bulbous hood which is only twice as long as broad and not com-
pressed laterally. 
LOCALITY: Fortin Inca, Santiago del Estero (Monte) and Mendoza, 
Argentina. 
HOST PLANT: Unknown. 
PLATE I 
FIG. 1. Corythaica carinata Uhler 
2. Corythaica bellula Torre-Bueno 
3. Corythaica acuta (Drake) 
4. Corythaica costata Gibson 
5. Corythaica cyathicollis (Costa) 
6. Corythaica monacha (Stal) 
7. Corythaica smithi Drake 
7a. C. smithi, profile view of hood and carinae. 
8. Corythaica venusta (Champion) 
8a. C. venusta, profile view of hood and carinae. 
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Vegetation, climate, and soil are three interdependent, complex fac-
tors, each of which exerts a varying influence on the other two. Climate 
is influenced indirectly by soil and directly by vegetation. The latter 
may modify the degree of radiation, precipitation, air movement, and 
evaporation. Soil is influenced by vegetation through its modification of 
these factors, and by the quantity, quality, and distribution of organic 
matter which result from the development of the vegetation. Vegetation, 
in turn, is directly affected by climate and soil. In addition to climatic 
effects, soil and vegetation are influenced by the nature of the soil parent 
material, especially in the early stages of soil genesis. All three of the 
complexes of factors are affected either directly or indirectly by topo-
graphy. 
Until recently these three factors have been studied more or less 
independently, especially in the field of soils. The effects of soil condi-
tions on crop plants now are becoming common knowledge, and some 
research has been done on the effect of certain crops and rotations on soil 
fertility and soil structure. Recently these problems have been brought 
to the foreground by the almost universal interest in soil erosion and its 
control, but much work is yet to be done on the nature of changes in 
soil as influenced by plant cover. 
As successive plant communities develop on a site, climatic factors 
are ameliorated, organic matter is added to the soil, and microclimate 
and soil structure are gradually modified to favor plant growth until 
finally the climax vegetation is developed as the fullest expression of 
climate and soil. However, these changes in the soil, attributable to the 
direct effect of vegetation and to the indirect effect of climate as modified 
by growing plants, still require considerable investigation. Recently, 
techniques have been developed which make possible more exact deter-
minations of the nature of plant-soil relationships and interactions under ' 
'Journal paper No. J-1301 of the Iowa Agricultural Experiment Station, Ames, 
Iowa. Project 582. The Hillculture Research Section of the Soil Conservation Service, 
USDA, cooperating. Taken from a thesis submitted to the faculty of the Graduate 
College, Iowa State College, in partial fulfillment of the requirements for the degree 
of doctor of philosophy. 
2 The author expresses his deep appreciation to Dr. J.M. Aikman for his advice 
and assistance in direction of the work and in preparation of the manuscript, to Dr. 
L. A. Richards for technical assistance in the soil analyses, to Dr. W. H. Pierre for 
valuable assistance in interpreting the data and to Prof. G. W. Snedecor for assistance 
in designing the experiments. 
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field conditions, and especially of the changes wrought in soils by the 
presence of plants. 
The purpose of this research was to investigate, by means of newly 
developed qualitative and quantitative tests, the conditions of the soil 
on which certain plant communities were found, the changes induced by 
natural. and introduced vegetation, and the changes in vegetation and soil 
structure resulting from certain water conservation practices in the eroded 
soils of southeastern Iowa. The presentation and evaluation of the data 
resulting from this study should prove of benefit in ascertaining the 
principles involved in the building of soils by climate and vegetation. 
These principles can then be adapted to more rapid reclaiming of eroded 
soils t..lian occurs under natural conditions or under present cultural 
methods. 
REVIEW OF LITERATURE 
The stages of primary succession for central Iowa have been outlined 
by Aikman (1) and the secondary successional stages for the same region 
by Warner and Aikman (37). Aikman noted an increa;:;e in soil depth and 
quantity of vegetation with changes in the primary succession to the 
higher stages. The water holding capacity and organic matter content of 
the soil were higher with each successional stage, chiefly because of an 
increase in thickness of the soil layer. Warner and Aikman observed lower 
light intensity at the ground level, lower temperature extremes, lower 
evaporation stress and less exposure of the top soil to runoff and erosion 
in the change from the early stages to the climax in the secondary suc-
cession. 
The foregoing evaluation of factors affecting plant succession indi-
cates that water is a critical factor. Weaver (38), in comparing the 
habitats of the true prairie, the mixed prairie, and the short grass plains, 
found that the yields of grass were proportional to the water supply 
in the soil and inversely proportional to the "evaporating power" of the 
air. Drake (12) found that the quantity of water stored in the soils of 
the Great Plains at the time of planting usually accounted for variations in 
the yields of wheat. 
Water storage in soils is often dependent upon the rate of infiltration. 
Duley and Kelly (13) found greater variation in runoff on a single soil 
under different surface conditions than on different soils having the same 
surface conditions. Total intake of water and final infiltration rate did 
not vary widely in spite of differences in texture of the surface soil and 
profile characteristics. The apparent reason for low infiltration rates 
on cultivated land was the poor structure of the surface layer which 
resulted from the compacting effect of rain and the assorting and rearrang-
ing of soil particles by running water, which caused a compacted layer 
to be formed at the immediate surface. 
Neal (23), using artificial rain on Putnam silt loam, found that in-
filtration rate varied inversely as the initial moisture content of the 
soil but was less affected by slope or rainfall intensity. Degree of slope 
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had no appreciable effect on per cent of runoff for slopes of over 1 per cent. 
Percentage runoff increased with rainfall intensity but at a reduced rate. 
Soil structure is a most important factor in the absorption and storage 
of soil moisture and in its availability to plants. A number of methods 
have been employed in its measurement. Yoder (40) introduced an 
analysis of size distribution of water-stable aggregates by use of a nest of 
screens which has become widely used as a measure of soil structure. 
Volume-weight has been used as a measure of soil physical condition by 
Lebedev (18) and Lunt (19), but only a general picture can be obtained 
by this method. The work of Russian investigators, as reported by Krause 
(17) , showed that aggregates smaller than 0.5 mm. indicated poor struc-
ture in soil, as reflected by oxygen content and nitrogen synthesis. The 
size of the aggregates largely determined the number and size of the 
larger pores to which Schumacher (29) referred as the non-capillary 
pores. The non-capillary pores permitted free percolation of water through 
the soil. The capillary pores were smaller and the gravitational move-
ment of water through them was correspondingly slower. 
Richards (25) observed that any change which increases the surface 
tension or curvature of water surface between the particles, decreases the 
capillary potential. Factors causing the change are, moisture content, size 
of soil particles, state of packing, temperature, and quantity of salts dis-
solved in the soil solution. Richards described a method of measuring 
the capillary potential by use of a porous plate, and gave curves showing 
the relation between moisture content and capillary potential. From these 
the percentage of capillary and non-capillary porosity were determined. 
Recerrt work by Russell (26) described an apparatus for determining 
moisture desorption curves on samples having undisturbed structure. 
From these curves he calculated pore size distribution as a measure of 
soil structure. 
Crumb structure was described by McGeorge and Breazeale (21) as 
being most suitable for good aeration and root penetration. Bradfield (8) 
described the production of crumb structure of a soil on which grass and 
legumes were grown. Soil fragments were blocked off by root penetra-
tion and shrinkage of the blocks as they dried out. Pressure reduced the 
pore size within the granules which were made water stable by oxidation 
of substances from within the granules and organic matter from the roots 
outside the granules. Water permeability approaching that of sand was 
thus developed, associated with increased storage capacity, characteristic 
of heavier textured soils. 
Both structure and texture of soils influence the number and distri-
bution of roots. Weaver and Harmon (39) reported that in prairie about 
60 per cent of the root systems by weight was in the surface 6 inches. 
Sprague (33) observed a rapid decline in the abundance of roots of Ken-
tucky bluegrass and colonial bent grass between the first and the sixth 
inches of soil and that few roots penetrated below 9 inches. Distribution 
was not attributed to soil reaction, available phosphorus, or quantity of 
organic matter, but to conditions of aeration and physical resistance to 
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root development. Shively and Weaver (30) found that a layering of 
underground parts in prairie plants resulted in absorption at different 
levels. The pore (air) space in Lancaster loam was 32.4 per cent in the 
first 6 inches and 21.8 per cent in the second 6 inches. The total porosity 
in the same levels was 56.9 and 50.0 per cent respectively. At 4 feet the air 
space was 20.3 per cent and the total porosity 38.3 per cent, which in part 
explained the great depth of penetration of the plant roots. 
Sampson (28), in his review of plant indicators, stated that native 
vegetation is the best indicator of factors because it is simple and reliable. 
Dominant plants which do not tolerate an especially wide range of con-
ditions are usually valuable indicators because they react more strongly 
to forces of the habitat. Plant cover types and certain individual plants 
may be found so consistently associated with certain soil conditions that 
they can be considered as soil indicators. Temporary communities such 
as annuals may indicate damaged or destroyed original plant cover, with 
or without pronounced soil disturbances. Ward (36) found soil differen-
ces under several weed communities in southeastern Iowa. Field capacity, 
water holding capacity, wilting percentage, and percentage available 
moisture were lowest under bracted plantain, intermediate under rag-
weed, and highest under goldenrod. 
Experiments on establishment of vegetation on various horizons of 
soil show marked difference in plant growth. Sinclair and Sampson (32) 
found that removal of the A horizon reduced the plant growth and re-
tarded or prevented establishment of climax and sub-climax plant cover. 
They stated that the early stages of plant succession must prepare the way 
for the establishment of perennial plants. Warner and Aikman (37) ob-
tained similar results, and listed plants which might be used for planting 
in the early stages on eroded soil to accelerate plant succession. 
Plant cover types may have a profound effect upon soil development. 
Different soil types may emerge in time as a result of the presence of 
plant cover types, the component species of which have different growth 
habits. Kittredge (16) reported a podsol under maple-linden forest and 
a chernozem-like soil a few miles away on the same geologic formation 
but under different plant cover. Veatch (34) reported a more retentive 
and more basic horizon in soils under hardwoods in Michigan than was 
present in soils under adjacent pines, although they had similar parent 
materials and topography. Browning (10) found that use of lime and fer-
tilizer in West Virginia changed the vegetation within 8 years from poverty 
grass, broomsedge, and weeds, to bluegrass and white clover. Soil under 
the bluegrass cover had 62 per cent of the aggregates at or above .25 mm. 
but adjacent cultivated land had only 34 per cent. Considerable time is 
required for soil profiles to show the effects of plant cover. McComb and 
Loomis (20) estimate that 1,000 to 2,000 years have been required for 
major changes to occur in prairie soil profiles under forest cover in central 
Iowa. Forests established on prairie soil types for 200 to 300 years left the 
soil profiles without visible change. 
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METHODS OF PROCEDURE 
SELECTION OF SITES FOR STUDY: In studying the relation of 
plant cover to growth conditions of the soil, there are two possible ap-
proaches: a study of modifications in the soil which accompany plant 
cover changes in a particular site as succession proceeds, and a study of 
the soil under different existing plant covers. The chief limitation in the 
first approach is one of time. Ordinarily successional change on a given 
site is exceedingly slow. However, in some instances, marked changes in 
plant cover occur during periods of 3 or 4 years. The principal source of 
error in the second approach is the variation in soil which may be attrib-
utable to other soil characteristics than those resulting from the presence 
of different plant covers. Both types of approach were used in this 
in vestiga ti on. 
The cooperative Hillculture experimental farm near Floris, Iowa, 
offered an excellent opportunity for such a study because a number of 
types of plant cover were present on the abandoned fields and hills, and 
because an essential phase of hillculture research is to determine the rela-
tion of plant cover to edaphic factors. 
In the first approach, a study of soil modifications which accompany 
plant cover changes was made on an eroded slope the surface of which 
had been converted into basins with a basin-lister. The special condition 
of increased moisture supply and its influence upon plant cover was pre-
sented. Twelve plots were established at random in the fall of 1937 a lit-
tle more than a year after the area was basin listed. A detailed descrip-
tion of this area will be given below. In the second approach, eleven other 
plots were established in several cover types to study the relation of the 
vegetative cover to soil conditions. One or more plots were established 
in the following cover types as stages of secondary plant succession: early 
weed, plot 1; perennial £orb, plots 2 and 3; early grass, plots 4 and 5; 
Kentucky bluegrass, plots 6, 7, and 8; xeric shrub, plot 9; oak-hickory 
forest, plot 10. Plot H was placed in a field of alfalfa. The alfalfa plot and 
plots 4 and 5 were on the Clinton silt loam soil type and the others were 
on Lindley loam. 
Clinton silt loam is an upland soil type which has been derived from 
the southern Iowa loess (9). On the Hillculture farm, it is found prin-
cipally on the ridges and upper slopes. The surface layer is grayish to 
grayish-brown silt loam to a depth of 4-5 inches. The subsurface layer of 
5-6 inches is a yellowish silt loam. The B 1 horizon, a light brown silty 
clay loam 6 or 7 inches in thickness, is made up of angular pea-sized ag-
gregates. The B 2 horizon is a yellowish, compact, tough silty clay loam 
showing columnar structure with a thickness of 9-13 inches. The C 
horizon is an almost structureless yellowish-brown silty clay. 
The Lindley loam soil type is derived from Kansan drift (9) . On 
the Hillculture farm it is found on the slopes below the Clinton silt loam. 
The surface layer of 0-7 inches in thickness is a gray to grayish-brown 
friable loam. The subsurface layer, 0-8 inches thick, is a grayish-yellow 
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heavy loam or sandy loam. The B1 horizon, ranging from 4-9 inches in 
thickness, is a yellowish-brown to reddish-brown sandy clay loam. The 
B 2 horizon, 10-13 inches in thickness, is a yellowish-brown clay mottled 
with gray and brown. The C horizon, a yellowish-brown to gray tough 
gritty or sandy clay mottled with black, gray, and red, contains frequent 
sandy layers. In general the Lindley loam is slightly more porous than 
the Clinton silt loam. 
The soils map (22) of the Hillculture farm (Fig. 1) shows the general 
distribution and approximate thickness of the surface layer of these soils 
and the location of the plots in relation to the soils. 
QUANTITATIVE MEASUREMENT OF VEGETATION: Quantitative data 
SOIL TYPE 
L-Lindlcy Loam 
C- Clinton Silt Loam 
B-Brcmcr Fine Sandy Loam 
P-Plainficld Fine Sandy Lo:11n 
GX-Gcncsec Fine Sandy Loam 
(colluvinl phase) 
APPROX. DEPTH OF SURFACE SOIL 
1 =6''-8" 
2 = 4''-6" 
3 = 2"-4" 
4 = 0"-2" 
LEGEND 
Gully - -. 
lnlcrmittent Drainage _ .. ·-
Soil Boundary ... -...... .. ............ .. 
Diversion Ditch -o __,-II ..._o-"' 
Impond ---4iJ-
Sccpage Spots \1.117 1llLC ~ 
Creek ~ 
BASIN-LISTED AREA 
SCALE IN RODS: 
20 40 
• = Plot 
O = Moisture Stations 
FIG. 1. Location of plots and moisture stations on Hillculture Experimental Farm, 
Floris, Iowa. (Parts of Sections 15, 16, and 21, T 70 N, R 13 W, Lick Creek Town-
ship, Davis County. Soil survey by H . R. Meldrum.) 
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were obtained on vegetation by use of count-list quadrats, and 
by measuring dry weights of plant roots and tops. In each plot 50 quad-
rats, one-decimeter square, were count-listed in 1938 and 1939. For root-
top studies, 16,000th-acre units (19.8 x 19.8 inches) were marked off adja-
cent to the plots described above, and the soil removed on all sides to the 
depth of about 16 inches. Figure 2 shows the method of analysis. The 
tops and litter were removed separately and placed in cloth sacks. The 
roots were separated from the soil by careful sifting through hardware 
Fxc. 2. The technique of obtaining materials for root-top analyses. Photograph taken 
adjacent to station N. 
cloth, keeping the roots of each 3-inch layer separate (Fig. 3) . Data were 
taken to a depth of 9 inches in 1938 and to 12 inches in 1939. The samples 
were washed free of soil and oven dried. 
SOIL-WATER RELATIONS: Data on the water economy of the 
soil were obtained by measurement of runoff and infiltration rates, per-
colation rates, and depth of penetration. Runoff and infiltration rates 
were determined by use of the Pearse (24) apparatus with which water 
was applied at the upper side of a 16,000th-acre quadrat at a certain rate 
and the runoff collected at the bottom of the plot. A 10-liter volume of 
water was applied in about 9 minutes which is about 1.5 surface inches of 
water at the rate of 10 inches per hour. A second test was made several 
hours later. The extent and direction of penetration of water were then 
determined and recorded. 
A measurement of percolation was made by use of 6-inch holes made 
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with a soil auger 1.5 inches in diameter. The time required for the water 
level to drop 3 inches was measured for 6-inch depths down to 3 feet. Fig-
ure 4 shows a diagram of the apparatus. A five-eighths inch glass tube 
was placed in the center of the hole and a small piece of tubing at one 
side. Cotton gauze was placed over the ends of the tubes and a half inch 
of coarse sand was placed in the bottom of the hole to prevent puddling 
F1c. 3. Surface layers at plot 7 showing the method of removing the 3-inch layers for 
root analysis. 
or entrance of soil into the tubes. The space around the tubes was then 
filled with fine sand to prevent the walls of the hole from caving in and 
to hold the tubes in place. Water was added at the bottom of the hole 
through the small tube by means of a funnel and petcock. This prevented 
air from becoming trapped in the bottom. Within the large tube a cork 
with a straw indicator was used to determine the level of the water in 
the hole. Water was added until moisture appeared in the sand at the 
top of the hole. The height of the indicator was noted and the starting 
time recorded. 
For depths below the first 6 inches, a post hole auger was used to re-
move the soil down to the level being tested. The soil auger hole was then 
made through the 6-inch layer and the apparatus installed. This method 
was found to work satisfactorily down to 3 feet. Longer tubes and indi-
cator straws were necessary at the lower levels. 
SoIL STRUCTURE ANALYSES: After surveying the possible methods 
of measurement of soil structure, the Richards (25) method for 
determination of capillary and non-capillary porosity was selected. A 
modified Coile sampler (11) was used for obtaining essentially undis-
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turbed soil samples in the field. The sampler was attached to a wooden 
handle so that it could be driven into the soil with the least possible change 
of direction, reducing compression from the side. A wooden mallet was 
used to drive the sampler into the soil. After the sample was taken the 
cylinder and soil were removed from the sampler and the soil was trimmed 
off by a slicing motion of a sharp knife until it occupied the exact volume 
of the cylinder. A standard 9-centimeter filter paper was then placed 
over the lower end of the sample and held in place with a No. 32 rubber 
band. It was then placed in a 3-ounce tin soil box which held the soil in 
the cylinder and reduced evaporation until it reached the laboratory. 
The field weights were taken for determination of moisture content 
and. the samples were placed on the porous plate for the capillary mois-
ture determination (25). The water level was kept even with the surface 
of the porous plate and the samples were allowed to take up water by 
capillarity. At the end of the sixth day, when the samples reached an 
equilibrium, they were weighed and dried at 105° C. Specific gravities of 
the samples were determined in the laboratory by the picnometer meth-
od, and the volume-weight and total porosity were calculated. The non-
capillary pore space was obtained by subtracting the volume of capillary 
water from the total pore space (25). 
Total carbon of samples was determined by the dry combustion 
method: (5). The measurement of soil reaction was made with a glass 
electrode (15). 
Precipitation measurements were begun in May 1938 using accurate 
non-recording rain gauges, and one Julien P. Friez dual-traverse survey-
type recording rain and snow gauge. 
Soil moisture stations, 15 x 20 feet, were set up adjacent to plots 1, 
2, 3, 5, 6, 7, 10, at stations M and N in the basin-listed area, and plot H 
in the alfalfa, as indicated in Figure 1. Samples were taken at intervals 
of about 2 weeks during the growing season and once a month during the 
winter. The schedule was modified somewhat accordip.g to the weather by 
attempting to take samples 2 or 3 days after a rain and at the driest time 
between rains. The depth of sampling was as follows: 0-0.5 feet, 0.5-1.0 
feet, 1-2 feet, 2-3 feet, 3-4 feet, 4-5 feet, and 5-6 feet. 
Wilting percentage determinations were made by the direct method 
(35), using sunflower plants. From these data available moisture was 
calculated at the various depths. 
COVER CHANGES ON ONE SITE 
ExPERIMENTAL AREA: The field selected for study of cover 
changes and soil modifications on one site faced northward and had a 15-
20 per cent slope. The soil type was a Lindley loam eroded so that only a 
part of the subsurface soil remained. The field had been planted to corn 
and oats for a number of years without fertilization until its cultivation 
. was abandoned in 1934 because of low yields. 
The basin-listing treatment was applied on the near contour in July 
1936. The lister (14) performing the operation opened a large furrow by 
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throwing the soil to each side. A plate, dragged along the furrow, was 
lifted at intervals of about 7 feet, leaving soil which formed the end walls 
of the basins. The walls were about 1 foot thick, making the basins proper 
about 3 x 6.5 feet in size and 9-12 inches deep. The long axes of the basins 
were not all exactly on the contour and some of the end walls washed 
out after heavy precipitation. 
In the fall of 1936 a bushel of rye per acre was sown on the area. A 
dense cover of bracted plantain, a winter annual, developed over much 
of the area. In the spring of 1937 a mixture of sweet clover, red clover, 
alsike, Kentucky bluegrass, Canada bluegrass and redtop was sown on 
the area at the rates of 6, 4, 3, 4, 4, and 4 pounds per acre respectively. In 
the spring of 1938, 6 pounds per acre of sweet clover was sown. 
In the fall of 1937, 12 plots (I to XII) were located in the 1.5 acre area 
of the basin-listed field for study of soil porosity and cover changes. For 
the study of the soil profile, moisture content, percolation rates, and root 
and top' production, stations Mand N were located in the east-central and 
west-cfntral. part of the area. 
PROFILE STUDIES: Profile pits were made at stations M and N in 
1939 to determine the depth and nature of the soil profiles. A photograph 
of the profile at station M is shown in Figure 5. The basin-listing treat-
ment had removed the surface soil along with several inches of the B 
Frc. 5. Soil profile in the basin-listed field at plot M. The surface soil of 4-5 inches 
had accumulated in the bottom of the basin after the listing treatment. The profile 
on the side wall at the right shows the level of the undisturbed B horizon before 
the basin-listing. The subsoil (31 +inches) is a tough, gritty clay usually present 
in the Lindley loam profile. 
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horizon. Then, before the vegetation stabilized it, 4-5 inches of loose soil 
had washed back into the basin from the walls. A section through a 
basin wall is shown at the right in Figure 5, and the thickness of the B1 
horizon before basin listing is apparent. 
In the bottom of the basins the mixed surface soil, 4-5 inches deep, 
was more friable and darker in color than the remaining B1 horizon below 
it. The B1 horizon was 8-9 inches thick. The B 2 horizon began at 13 
inches and extended to a depth of 24-30 inches. The extent of the C hori-
zon was not fully explored. At station N the profile was less well devel-
oped than at station Mand the slope was slightly steeper. 
Analyses were made of the soil from various horizons. The results 
are presented in Table 1. 
TABLE 1 
SUMMARY OF PROFILE STUDIES IN BASIN-LISTED AREA AT STATIONS M AND N, 1939 
Plot No. M N 
Horizon Surface B1 B. c Surface B1 B2 c 
------------- -
Depth in inches .............. 0-4 4-13 13- 31 31- 40 0- 5 5- 13 13-24 24-38 
pH . ... ................ • .. .. 5 .44 5 .77 4 .99 4.48 4 .89 4 .56 4 .64 4.48 
Percentage carbon . . . ......... 1. 60 . 53 .48 .23 .69 . 39 .40 .20 
Specific gravity . . ........... . 2 .63 2 .64 2 .69 2.72 2 .64 2.67 2.71 2.72 
Volume-weight . . . ...•.. . .... 1.08 1. 74 1 .38 1. 70 1. 29 1 .53 1.44 1.71 
Total porosity . . . . .. . ... . .. . . 58 .9 45 .0 48 .8 39.6 51 . 1 42 .8 47 .0 43.3 
Capillary porosity . ... . . . . . ... 27.4 24 .8 28.3 21. 9 31. 7 24 .6 25.6 23.7 
Non-capillary porosity ........ 31.5 20.2 20 .5 17. 7 19 .4 18 .2 21 .4 19 .6 
The pH reading was uniformly low in the B2 and C horizons ( 4.99-4.48). 
At station M the pH was slightly higher in the surface layer (5.44) and 
B1 horizon (5.77) than at station N (4.89 and 4.56). The percentage total 
carbon was 1.60 in the surface layer of station M but was only 0.69 at sta-
tion N. These differences indicate a more eroded soil at station N. The B 
and C horizons had lower carbon content at successively lower levels. 
The specific gravity was 2.63 at the surface and increased with depth. 
Volume-weight was lower in the surface layer than in the B and C hori-
zons. The total porosity in the two plots was 58.9 and 51. 7 per cent in the 
surface layers, 45.0 and 42.8 per cent in the B1 horizons, 48.8 and 47.0 per 
cent in the B2 horizons and 39.6 and 43.3 per cent in the C horizons. These 
figures indicate that the B 1 horizon was more compact than was the B2 • 
The volume-weight data also bear this out. The non-capillary porosity, 
which is a measurement of the larger pores most useful in plant develop-
ment, was uniformly low except in the surface layer at station M. 
MOISTURE RELATIONS: The monthly precipitation at the experi-
mental farm and the 28-year averages for Bloomfield, the county seat, are 
presented in Table 2. The annual precipitation at the Farm was 33.37 
inches in 1938, 32.23 inches in 1939, and 12.51 inches in the first 6 months 
of 1940. It is interesting to note that 70 per cent of the precipitation fell 
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MONTHLY PRECIPITATION IN INCHES AT THE EXPERIME NTAL FARM AT BLOOMFIELD, IowA 
Experimental Farm Bloomfield 
1938 1939 1940 28-yr. Ave. 
January .. . . . ........ . . *2 . 63 0 .83 0 .80 1.20 
February ..... . . . ...... •o. 79 1 . 77 1.35 1.36 
March ... .. . . ..... . . . . *3 .22 3.54 1. 75 2 .20 
April ................. *3 . 75 3 .15 4 .06 3 .15 
May . .....•... ....... 3 . 36 2 .09 2 .66 4 . 30 
June . ........ . .. . .... 3 .40 5 .45 1.89 4.94 
July .................. 2 .76 1 .57 3 .46 4 .28 
August ....... . ....... 3 . 96 10.06 3 .30 3 .72 
September .. ..... ..... 1 .04 0. 11 6.40 4 . 30 
October . .. . ... . . . . ... 2. 61 0 .43 1.79 2.80 
November . . ... . . . ..... 6 .90 1. 55 2 .30 1 .85 
December ..... . . .. .. .. 0 . 95 1.20 0 .95 1. 35 
Total. ................ 35 .37 31 .75 30.71 35 .45 
*Figures from Bloomfield. 
during the 6 month period from April to September. The quantity and 
distribution of precipitation is presented graphically in Figure 6. Each 
bar on the graph represents rainfall for a particular day. 
Readings from the various soil moisture stations were converted into 
figures for the percentage available moisture. The available moisture in 
the surface 3 feet at station M is plotted in Figure 6. In the surface 6 
inches it fluctuated greatly in response to precipitation. The fluctuation 
was less in the second 6 inches than in the surface layer, and became pro-
gressively less with depth. The available moisture at 4, 5, and 6 feet (not 
shown) ·was not greatly different from that in the third foot except that 
the deeper layers remained nearer the wilting point. The gra"ph indicates 
that there was some water storage in the surface foot of soil during the 
winter which resulted from the frequent thawing of the surface layer. 
Little storage occurred at the lower depths, however, until March when 
the lower horizons thawed out and permitted the moisture to penetrate. 
The available moisture in station N was very similar to that of station 
M except that the percentage in the 6-12-inch layer in station N was con-
sistently below that in the second foot of soil. In Figure 7 the available 
moisture in the surface 6 inches at station N is compared with that under 
several cover types in which the soil was not basin-listed. The quantity 
of available moisture in the basin-listed area remained well above that 
of the early weed stage and Kentucky bluegrass stage during· the entire 
period of study, and above that of the oak-hickory forest during a part of 
the period. The heavier vegetative cover of the Kentucky bluegrass and 
the oak-hickory forest may have reduced the available moisture under 
them more rapidly than did the redtop cover of the basins. However, a 
lower reserve supply was present in the winter when transpiration did 
not affect soil moisture content greatly, if at all. 
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The effect of the basin-listing on infiltration was shown by the depth· 
or penetration. Two days after a 0.73-inch rain, July 1938, water had pene-
trated an average of 7 inches in the bottom of the basins, 4.5 inches in a 
broken walled basin which had not held water, and 5.5 inches in an adja-
cent untreated area. Later in the same month 2 days after a 2.2-inch 
rain, penetration averaged 14 inches in the basin bottoms, 7-9 inches be-
neath the basin walls and 3-4 inches in the untreated area. 
Using the Pearse apparatus described above, runoff from 1.5 surface 
inches of water applied in 10 minutes amounted to 81.0 and 75.2 per cent 
for plots M and N respectively and the average depth of penetration was 
6.2 and 5.0 inches. Since the basins usually prevented the occurrence of 
runoff in spite of the high rate of runoff within the basins, some concep-
tion of the role of basins in the water relations-of these soils is obtained. 
The rates of water percolation, measured by the method described in 
Figure 4, are given in Table 3 for stations M and N: Percolation rate was 
moderate in the surface foot, slow in the second foot, and very slow in the 
third foot of soil. 
TABLE 3 
PERCOLATION STUDIES IN THE BASIN-LISTED AREA. AVERAGE TIME IN SECONDS FOR A 3-INCH 
DROP IN WATER LEVEL IN 1.5-INCH AUGER HOLES, IN 1939 
Depth 0-6" 6- 12" 12- 18" 18- 24" 24-30" 30-36" 
Plot 
M .......... ... 211 186 543 514 3122 2709 
N ............. 113 214 666 814 2501 3377 
Without the effect of the basins or other structures in holding the mois-
ture until it has time to percolate, the water intake in this soil would be 
very low. 
PLANT COVER CHANGES: Immediately following the basin-listed 
treatment in July 1936, the area was bare of vegetation. Rye was sown 
in the fall of that year. Bracted plantain, a winter annual, also germi-
nated and these two plants furnished a fairly dense cover over the fol-
lowing winter. By July 1937 these plants were mature and were begin-
ning to die out. Ragweed, a summer annual whicb had germinated in the 
spring, became conspicuous as the summer progressed. The bracted 
plantain and the ragweed represented the early and late weed stages 
respectively. The ragweed in the area grew 3-5 feet in height. On adja-
cent areas plowed but not basin-listed the ragweed grew only 1-3 feet 
in height. This difference was attributed to the difference in the available 
soil moisture supply. Sweet clover, redtop, and Canada bluegrass seed-
lings from the seed sown in the spring were present but inconspicuous. 
During the summer of 1938 the old ragweed stalks were still present but 
sweet clover was dominant over much of the area (Fig. 8). In the basins 
which had washed out, goldenrod and aster were becoming dominant. In 
these basins soil moisture was deficient and the soil was more eroded. 
This cover represented the perennial £orb stage. In 1939 the redtop had 
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increased to a position of dominance in most of the area except in the 
more eroded border portions in which aster and goldenrod were co-domi-
nant with it (Fig. 9) . The botanical and common names of the plants re-
ferred to are given in Table 4. 
The general course of secondary plant succession in southeastern 
Iowa is shown diagrammatically in Figure 10. It will be 9.iscussed more 
fully with the experiments in selected cover types. 
TABLE 4. 
BOTANICAL AND COMMON NAMES OF SPECIES PRESENT IN DIFFERENT 
STAGES OF THE SUCCESSION 
Botanical name 
Abutilon theophrasti Medic. 
Aca.lypha. rhomboid.ea Raf. 
Acalypha virginica. L. 
Acer sa.ccharum Marsh . . 
Achillea. m ilefolium L. 
Agrostis a.lba L. 
Agrostis hiema.lis (Walt.) B.S.P. 
Ama.ra.nthus retroflexus L. 
Ambrosia. a.rtemisiifolia. L. 
Andropogon scoparius Michx. 
Antennaria. fallax Greene 
Antenna.ria. neglecta Greene 
Antenna.Tia. pla.nta.ginifolia. (L.) Richards 
Aristida. dichotoma. Michx. 
Aristida. oligantha. Michx. 
Asclepia.s syria.ca. L. 
Aster ericoides var . prostra.tus Kuntze 
Bouteloua. curtipendula. (Michx.) Torr. 
Ca.rex spp. 
Carya. cordiformis (Wang.) K. Koch 
Carya ova.ta. (Mill.) K . Koch 
Cassia chama.ecrista. L. 
Chenopodium album L. 
Corylus americana Walt. 
Corylus rostra.ta Ait. 
Danthonia spicata. (L.) Beauv. 
Digita.ria. ischaemum (Schreb.) Muhl. 
Eragrostis spectabilis · (Pursh.) Steud. 
Erigeron cana.densis L. 
Erigeron ramosus (Walt.) B.S.P. 
Euphorbia. corolla.ta L. 
Euphorbia. macula.ta. L. 
Evonymus atropurpureus Jacq. 
Fra.ga.ria. virginiana. var. illinoensis 
(Prince) Gray 
Ga.lium triflorum Michx. 
Hibisciis trionum L. 
Hordeum juba.tum L. 
Juncus macer S. F . Gray 
Koeleria. crista.ta. (L.) Pers. 
Lactuca ca.nadensis L. 
Lepidium apeta.lum Willd. 
Lepidium virginicum L. 
Lespedeza. stipula.cea Maxim. 
Medicago sativa. L. 
Melilotus alba Desr. 
Melilotus officina.lis (L.) Lam. 
Muhlenbergia. sp. 
Oxalis stricta L . 
Common name 
Velvet leaf, button weed 
Three-seeded mercury 
Three-seeded mercury 
Sugar maple 
Yarrow 
Red top 
Tickle grass 
Pigweed 
Ragweed 
Prairie beardgrass, little bluestem 
Pussy toes, Indian tobacco 
Pussy toes, Indian tobacco 
Pussy toes, Indian tobacco 
Three-awn grass 
Three-awn 11rass 
Common milkweed 
Many flowered aster 
Side-oats grama 
Sedge 
Bitternut hickory 
Shag-bark hickory 
Partridge pea 
Lamb's quarters 
Common hazel-nut 
Beaked hazel-nut 
Poverty oat grass 
Smooth crabgrass 
Purple lovegrass 
Mare's tail 
Daisy fleabane 
Flowering spurge 
Milk purslane 
Purple burning bush, wahoo 
Strawberry 
Bedstraw 
Flower-of-an-hour, shoo-fly 
Foxtail barley 
Rush, wiregrass 
June grass 
Wild lettuce 
Wild pepper grass 
Wild pepper grass 
Korean lespedeza 
Alfalfa 
White sweet clover 
Yellow sweet clover 
Muhly grass 
Wood sorrel 
• 
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TABLE 4. (Continued) 
Botanical name 
Panicum capillare L. 
Panicum huachuacae var. fasciculatum 
(Torr.) Hubb. 
Parthenocissus quinquefolia (L.) 
Planch. 
Phleum pratense L. 
Plantago aristata Michx. 
Poa compressa L. 
Poa pratensis L. 
Polygonum hydropiper L. 
Polemonium reptans L. 
Potentilla canadensis L. 
Pycnanthemum flexuosum (Walt.) B.S.P. 
Quercus alba L. 
Quercus imbricaria Michx. 
Quercus macrocarpa Michx. 
Quercus marilandica Muench. 
Quercus velutina Lam. 
Rhus canadensis var. trilobata (Nutt.) 
Gray 
Rhus glabra L. 
Rubus allegheniensis Porter 
Rubus flagellaris Willd. 
Rumex acetosella L. 
Secale cereale L. 
Setaria lutescens (Weigel) F. B. Hubb. 
Setaria viridts (L.) Beauv. 
Solanum carolinense L. 
Solidago altissima L. 
Solidago canadensis var. hargeri Fernald 
Solidago nemoralis var. decemflora 
(DC.) Fernald 
Sporobolus heterolepis Gray 
Stipa spartea Trin. 
Strophostyles helvola (L.) Britt. 
Strophostyles pauciflora (Benth.) Wats. 
Symphoricarpos orbiculatus Moench. 
Tilia americana L. 
Trifolium hybridum L. 
Trifolium pratense L. 
Ulmus americana L. 
Ulmus fulva L. 
Ulmus thomasii Sarg. 
Vernonia interior Small 
Viola sororia Willd. 
Zanthoxy'lum americanum L. 
Common name 
Witchgrass 
Panic grass 
Virginia creeper 
Timothy 
Bracted plantain 
Canada bluegrass 
Kentucky bluegrass 
Smartweed 
Jacob's ladder 
Cinquefoil, fivefinger 
Mountain mint 
White oak 
Shingle oak 
Burr oak 
Blackjack oak 
Black oak 
Aromatic sumac 
Smooth sumac 
Blackberry 
Dewberry 
Sheep sorrel, red sorrel 
Rye 
Yellow foxtail 
Green foxtail 
Horse nettle 
Goldenrod 
Goldenrod 
Goldenrod 
Prairie dropseed 
Porcupine grass 
Trailing wild bean (Large leaf) 
Trailing wild bean (Small leaf) 
Coral-berry, Indian currant 
Linden, basswood 
Alsike clover 
Red clover 
White elm 
Slippery or red elm 
Cork or rock elm 
Iron weed 
Violet 
Prickly ash 
119 
The quadrat readings from the 12 plots for 1938 and 1939 are given 
in Table 5. A phenomenal increase in the quantity of redtop (Fig. 11) 
and sweet clover occurred in 1939 over that present in 1938. Goldenrod 
and alsµce clover increased in several of the plots. The quantity of aster 
FIG. 8. Basin-listed area in 1938 (upper picture). Basins in foreground had just been 
repaired. Basins which had not been washed out had a dense cover of sweet clover. 
FIG. 9. Basin-listed area in 1939 (lower picture). In the background redtop had re-
placed the sweet clover. The basins on the left were kept in repair after 1938 and 
had a cover of aster and goldenrod. The foreground was not basin-listed. The 
markers for plots XIl and IX may be seen on the extreme left. 
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Maille-Linden forest 
Acer saccharum, var. nigrtun ~-----------­
Tilia america11a 
Ulmus spp. 
t 
Mesic shrub 
Evonymus atropurpurcus 
Zanthoxylum americanum 
Rhus canadensis var trilobata 
Corylu.s americana 
Symphoricarpos orbict1lat11s 
t 
Kentucky bluegrass 
Oak-hickory forest 
Quercus alba 
Quercus imbricaria 
Quercus marila11dica 
Quercus macrocarpa 
Carya ot·ata 
Carya cordiformis 
t 
Xeric shrub 
Rubus allegheniensis 
Corylus rostrata 
Rubus flagellaris 
Rhus glabra 
t Trifolium pratensc 
Poa prn tensis 
Agrostis alba 
___________ __,._ Prairie grass 
P oa compressa 
t 
Early grass (Mesic) 
Poa pratensis 
Agrostis alba 
Melilotus officinalis 
Digitaria ischacrnurn 
Panicum huachucae var fascicu-
latum 
t 
Perennial forb (Mesic) 
Cassia chnmaechrista 
J uncus macer 
M elilotus officinalis 
Strophostyles helvola 
Euphorbia eorollata 
Digitaria fachaemurn 
Solanurn carolinense 
Solidago spp. 
Aster spp. 
t 
Late weed (l\Icsic) 
Amaranthus · retroflexus 
Ambrosia artemisiifolia 
Setaria spp. 
Erigeron canadensis 
Digitaria ischaemum 
f 
Early weed (Mesic) 
Ambrosia artemisiifolia 
Erigeron canadensis 
Setaria spp. 
t 
Bare soil (slightly eroded or 
alluvial) 
Kocleria cristata 
Stipa spartea 
Sporobolus heterolcpis 
Bouteloua eurtipcndula 
A11dropogon scoparius 
t 
Early grass (Xeric) 
Poa pratcnsis 
Poa comprcssa 
Achillea millefolium 
Panicum huachucae var. fascicu-
latum 
Danthonia spicata 
Antennaria spp. 
t 
Perennial forb (Xcric) 
Melilotus officinalis 
Strophostyles pauciflora 
Erigeron. 1·amosus 
Rwnex acctosella 
Aster ericoides var. prostratus 
So1idago spp. 
Panicum huachucac var. fascicu-
latum 
Potcntilla canadcnsis 
t 
Late weed (Xeric) 
Ambrosia artemisiifolia 
Agrostis hiemalis 
Pla11tago aristata 
Aristida oligantha 
i 
Early weea (Xeric) 
Plantago aristata 
Aristida oligantha 
Panicum capillare 
f 
Bare soil (exposed, severely 
eroded) 
FIG. 10. A diagrammatic representation of secondary plant succession in southeastern 
Iowa under severely eroded soil conditions (Xeric) and under slightly eroded or 
alluvial soil conditions (Mesic). The plants most frequently dominant are shown 
by italics. 
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decreased in all plots except I, IV, and VII. Panic grass and bracted plan-
taiv. decreased or disappeared in all the plots in 1939. These readings 
indicate the successional changes taking place. 
Observations in the spring of 1940 indicated that redtop was becom-
ing dominant and only sweet clover and panic grass remained consistently 
ove1· the whole area. The weedy species were rapidly disappearing and 
some of the eroded areas which had a cover of aster and goldenrod in 
1938, had a thin cover of sweet clover in 1940. 
F:c. 11. A dense growth of redtop in basin-listed plot II, September, 1939. In 1938 the 
cover had l::een largely panic grass and aster. 
Basins which washed out soon after they were made in 1936 were 
eroded and practically bare of vegetation. When the basins were repaired 
the vegetation soon became more dense. Figure 12 shows such a basin 
10 months after it had been repaired so that it held the precipitation. The 
vegetation was rapidly becoming denser but was still in the early weed 
stage with bracted plantain as the dominant. The adjacent basin had 
never washed out since it was made. In May 1940 the cover in the latter 
basin. (Fig. 13) had passed through the early and late weed and the peren-
nial forb stages and had entered the early grass stage in which redtop and 
sweet clover were dominant. This rapid succession was the result of a 
high moisture supply, the cessation of erosion, and the presence of redtop 
and sweet clover seed. The basin shown in Figure 12 had received the 
same amounts of seed but, because of unfavorable conditions, the seed 
was either unable to germinate or the seedlings could not survive the 
drought conditions before the basin was repaired. Further observation 
indicated that at the end of 1943 much of the area had Kentucky blue-
TABLE S 
COUNT-LIST TOTALS FROM SO SQUARE DECIMETER QUADRATS IN EACH OF THE 12 BASIN-LISTED PLOTS FOR 1938 AND 1939 
(Plants marked with asterisk were seeded on area.) 
I II III IV v VI VII VIII IX x XI 
Plot 38 39 38 39 38 39 38 39 38 39 38 39 38 39 38 39 38 39 38 39 38 39 
Achillea millejolium .... .. ........ . . ...... 1 2 . . . . . . . . 
* Agrostis alba . . .. ...... . . 12 930 6 860 lS 743 4 803 7 797 6 660 6 S2S 17 SSS 8 S47 1S S68 13 7S2 
Agrostis hiemalis . .... . ... 3 7 31 11 3 21 6 
Ambrosia artemisiifolia . . . . 1 1 4 
Aster ericoides var. prostratus 20 so 4 6 6 39 74 33 16 16 3S S2 18 16 24 27 3S 3 38 4 
Carex spp . . . ........... 20 
Erigeron ramosZLS . . . ...... 2 
JuncZLS macer . .. . ..... . .. 9 .. ' ..... 
* MelilotZLS officinalis. ...... s 90 1 14 3 47 1 173 8 8 1 S9 8 9 3 2S 3 13 7 69 7 44 
Panicum huachucae . ... . . . 39 32 33 2 64 64 2S 3S 23 2 39 11 SS 6 38 4 2S s 30 4 
* Phleum pratense . ......... 3 14 1 
Plantago aristata . ...... . . ........ . . . . . . . . 37 . . . .. . .. 244 S2 136 66 260 20 lOS 4 2 112 
* Poa pratensis . . .. . .. . .... 14 2 27 6 13 10 s 7 28 1 
* Secale cereale . .. ... . . . ... . . . . . . . . 13 12 
Solidago sp .. . .. .... . .. . 1S . . . . . . . . 3S s 1 23 . . . . . . . . 3 .. . ... ' . 
* Trifolium hybridum . . . . . .. 33 ... . .. . . 6 6 49 . . . . . . . . 
* Trifolium pratense . ... . . .. 1 .. . ..... . . . . . . . . 1 6 
UlmZLS spp ..... . . ...... . 4 6 
• 
XII 
38 39 
..... ::i:i 
11 S83 0 
9 t:ll ld 
..... . .. 
>-3 36 30 ~ 
~ 
!ii Sl 
41 ~ 
::i:i 
123 7 
3 
6 
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FIG. 12. A basin which washed out in 1936 and had been repaired for 10 months. 
Bracted plantain had invaded the new wall and ragweed, bracted plantain, and 
redtop were becoming more dense in the basin. This plot shows a transition from 
early weed stage to late weed stage. · 
::F::G. 13. A basin which did not wash out. This basin had no runoff. The cover is 
made up of redtop, sweet clover, and a few plants of aster and goldenrod. The 
latter two plants were dominant in 1939. 
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grass dominant. The redtop and Kentucky bluegrass had replaced aster 
and goldenrod in all but the most eroded basins. 
The method for root-top studies made in plots M and N were described 
in the general procedure. In 1938 stations M and N respectively averaged 
2,050 and 1,770 pounds per acre of dry tops and 976 and 1,600 pounds per 
acre of dry roots in the surface 9 inches. However, in 1939 they averaged 
3,160 and 3,270 pounds of dry tops per acre for stations M and N and the 
dry roots weighed 1,265 and 1,315 pounds per acre respectively. The 
differences between the plots were slight. Between 78 and 89 per cent of 
the roots were in the surface 3 inches. Percentage basal area at these 
stations was 3.9 and 3.5 for plots M and N respectively in 1939. This means 
that less than 4 per cent of the soil was actually covered with plant mate-
rial at the soil surface. However, this percentage compares favorably with 
basal area values of 9-12 per cent for established prairie. 
QUANTITATIVE DETERMINATIONS OF SoIL MODIFICATIONS: In the 
study of the soil structure, determinations were made of the 
volume-weight, total porosity, capillary porosity, and non-capillary 
porosity. These have been discussed in relation to the profile studies. The 
two profiles did not differ greatly except in the surface layer and possibly 
in the B horizon. A more intensive study of the surface and subsurface 
layers was undertaken on the twelve plots described above. At the out-
set, each plot, which was made up of two adjacent basins, was divided into 
1i parts for sampling so that samples would never be taken from soil 
disturbed by previous sampling. Two parts (one in each basin) were 
TABLE 6 
VOLUME-WEIGHT AND POROSITY D ETERMINATIONS IN THE BASIN-LISTED AREA. AVERAGES OF 
DETERMINATIONS FROM 24 SAMPLES AT THE SURFACE AND AT THE 4 -7-INCH DEPTH 
Date 
Fall 1937 .... . 
Spring 1938 ... 
Fall 1938 ... .. 
Spring 1939 ... 
Fall 1939 ... .. 
Spring 1940 ... 
Fall 1937 ..... 
Spring 1938 . .. 
Fall 1938 .. .. . 
Spring 1939 ... 
Fall 1939 ..... 
Spring 1940 ... 
Volume-
Weight 
1.32 
1 .29 
1.26 
1 .28 
1.36 
1.31 
1. 38 
1.46 
1. 37 
1 .42 
1 .42 
1 .43 
FROM RANDOMIZED PLOTS 
Total 
Porosity 
' 
Capillary 
Porosity 
Surface Samples 0- 3 Inches 
51. 3 21 .9 
49.5 24 .7 
52.7 27.5 
51.3 27 .8 
49.5 28.2 
49.7 26.9 
Subsurface Samples 4 -7 Inches 
48 .0 23.5 
44.6 24 .4 
47 .8 25 .8 
46 .0 25 . 2 
46 .3 28 .1 
45 .9 25.2 
Non-capillary 
Porosity 
29 .4 
24 .7 
25.2 
,23 . 5 
21 .3 
22 ,8 
--
24.5 
20 .2 
22.0 
20.8 
18.2 
20.7 
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selected at random for sampling each period. Samples were taken each 
spring and each fall from the fall of 1937 to the spring of 1940. The 
sampling tool was forced into the soil surface and the soil core and the 
cylinder surrounding it were carefully dug out as described above under 
soil structure analyses. The hole was then carefully dug out with spade 
and trowel to a 4-inch depth where the subsurface samples (4-7 inches) 
were taken in the same manner. This procedure resulted in 24 surface 
samples and 24 subsurface samples each spring and fall. Averages of 
the data from these are presented in Table 6. The surface 3 inches of soil 
had consistently higher total and non-capillary porosity and lower volume-
weight. This was to be expected since in these plots it was found that 78-
89 per cent of the roots were in the surface 3 inches. These data are 
plotted against time and the plant cover type for the 3 years of this study 
in Figure 14. During the 3-year period there seems to have been a down-
ward trend in the non-capillary porosity in both the surface and the sub-
• surface layers. The rise in capillary porosity was less marked. The per-
centage capillary porosity was only slightly lower in the subsurface layer 
than in the surface layer. 
I.JO 
Porositf 
0-.J" 
/ ' -.. ... / ............ _ 
/, ":.-- -- -- -----
, 4-7 vol.-wt". 
/ 
I 
• E 
::> 
-~ 
....... ..,.. . 
o-s· -. ____ Non-Cop1 /10·1 
_ Porositj'--- .... ____ _ 
2 4-_-7-w-...... _ J·~on-~-~~illur/--
Porositi '---- / .. / 18~----.-------·~--..::.:_ _ _ _ F•" Sp,.,;,, Fall sp,.ing FA/I spn'llf 
/ 9r1 1938 /Uf /'HO 
Ro.jweftl Sw•ctc/ovtr 9w•ctc/011rr-~ RH'HJJ 
Lczt~Wud Pt,.,nnia/ For-II .Asttr- <Hl~nrotl E.arly~,..n 
FIG. 14. Changes in porosity and volume-weight ratio in surface and subsurface 
layers between 1937 and 1940. The stage of succession and the dominant plants 
are listed below. 
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The volume-weight ratios are superimposed (broken lines) on the 
total porosity curves in the upper part of Figure 14 to show the close 
relationship which exists between these two physical measurements. They 
seem to follow the .same general pattern of fluctuations at both the soil 
levels tested. 
It is worthy of note that the lowest non-capillary porosity readings at 
both levels were obtained in the fall of 1938 after a very dry period when 
the soil in the surface 6 inches was near the wilting point (Figs. 6 and 7) . 
The soil became very compact at this time as is indicated by the volume-
weight of the surface layer which was 1.36, the highest average obtained 
during the study. 
The somewhat pronounced decrease in the non-capillary porosity 
during the 3 years was ·accompanied by a lesser increase in the capillary 
porosity and only a slight decrease in total porosity. These changes would 
seem to indicate that some settling of the soil continued for more than a 
year after the basin-listing treatment. The stirring and turning of the soil 
by the basin-lister left many "artificial" pores large enough to be classed 
as non-capillary. However, subsequent compacting by the rain, effects of 
freezing and thawing, and of wetting and drying could mask any improve-
ment of structure which the plant roots might make in a dis.'.)rganized soil 
within such a short time. 
The studies which follow may add some additional light on this 
subject. 
SELECTED COVER TYPES 
In the above section we have reported an attempt to study plant suc-
cession and the associated soil characteristics on one site under the special 
conditions imposed by basin-listing and artificial seeding. In the section 
which follows, existing natural plant communities which were common in 
southeastern Iowa, and which the Hillculture research program was con-
cerned in converting to a status of economic productivity were selected 
for study. 
In selecting the plots an attempt was made to choose areas which had 
cover representing the stages in secondary plant succession. It was 
difficult to determine in advance the soil conditions under these plant 
communities so as to make the stages comparable to the stages of plant 
succession as they might occur on one site over a period of several hun-
dred years. Two of the plots (3 and 4) had special soil conditions which 
pulled them out of line in so far as our preconceived ideas were concerned. 
However, some interesting information may be obtained by their inclusion 
in this study. 
HISTORY AND DESCRIPTION OF SITES: During 1938, plots 20 feet 
square were established in several natural plant communities rep-
resenting stages in the plant succession (Fig. 10). The areas had been 
heavily cropped or grazed until 1936 and, except for the oak-hickory 
forest, were moderately to severely eroded. The plots were numbered 
from 1-10 in approximate order of succession from the early weed stage 
PLANT GROWTH CONDITIONS OF ERODED SOILS 127 
to the oak-hickory forest. Plot H was located in an alfalfa field for com-
parison with these stages. All of the plots had slopes of 15-20 per cent 
except plot H which had 3-5 per cent of slope. Plots 4, 5, and H were on 
Clinton silt loam. All the others were on Lindley loam (Fig. 1). Plot 1 
which was in the early weed stage of the succession, had a thin cover of 
bracted plantain and ragweed. The field had been cropped continuously 
to corn preceding its final abandonment in 1934. In 1936 the area was 
limed at the rate of 2.5 tons per acre. In the spring of 1937, 200 pounds per 
acre of 20 per cent superphosphate were added to the field. Seedings (ex-
pressed in pounds per acre) were made as follows: fall 1936, rye, 56; 
spring 1937, a mixture of sweet clover 6, red clover 4, alsike clover 3, Ken-
tucky bluegrass 4, Canada bluegrass 4, redtop 4; spring 1938, sweet clover 
6. Contour furrows were plowed through the plot in the spring of 1939 
and Korean lespedeza was sown, some of which became established in 
the plot. 
In Table 7 are given the totals of the count-list quadrats made in 1938 
and 1939. In plot 1 a predominance of bracted plantain occurred in 1938 
but in 1939 the number of these plants was reduced by almost half. This 
reduction was accompanied by an increase in redtop, ragweed, and les-
pedeza, and by the appearance of Kentucky bluegrass and green foxtail 
in the plot. The lespedeza, which had resulted from the seedings, formed 
a moderately dense cover in more favorable spots in 1939 and had spread 
to some extent in 1940. Triple-awn grass and aster had disappeared from 
the plot in 1939. At the end of the summer of 1939 this plot was in the 
late weed stage. Species of the early grass stage were becoming estab-
lished. 
Plot 2 had fewer bracted plantain plants and a greater number of 
plants of aster, goldenrod, and triple-awn grass than did plot 1. The cover 
was considered to be in the perennial £orb stage. In 1939 the number of 
species and total number of plants was greater than in 1938. The numbers 
of triple-awn grass and bracted plantain had greatly increased and red-
top, rush, and yarrow had become est<\blished. This plot had received 2.5 
tons of lime per acre in 1937. In the spring of 1938 it had been sown to 
sweet clover at the rate of 6 pounds per acre but few plants became estab-
lished. Active erosion was apparent in this plot throughout the period 
of the study, and had effectively retarded plant succession. 
Plot 3 in 1938 was in the perennial £orb stage. Table 2 shows that 
aster, sweet clover, bracted plantain, panic grass, and trailing wild bean 
were the chief constituents of the cover. In 1939 the sweet clover and 
aster had disappeared and red sorrel, triple-awn grass and witch-grass 
had made an appearance. Trailing wild bean, panic grass and yarrow had 
increased in numbers. The field in which the plot was located had re-
ceived no lime or fertilizer but had been seeded in the spring of 1939 to 
Korean lespedeza, Kentucky bluegrass and redtop at rates of 10, 6 and 4 
pounds per acre respectively. Some of the redtop became established. 
Plot 4 was in the mesic early grass stage in 1938. The plot was cov-
ered by the aster, panic grass, triple-awn grass, and a few plants of sweet 
TABLE 7 
COUNT-LIST QuADRAT READINGS FROM so SQUARE DECIMETER QuADRATS IN EACH OF THE PLOTS FOR 1938 AND 1939 
Early 
Early Grass 
Xeric Oak-
Stage W eed Perennial Forb Mesic Xeric Kentucky Bluegrass Shrub hickory 
Plot No. 2 3 4 s 6 7 8 9 10 
Year 38 39 38 39 38 39 38 39 38 39 38 39 38 39 38 39 38 39 38 39 
Acalpha virginica . 3 . . . . . . . . . . . ........ . ..... . . . !:%) 
Achil/ea mil/efoliwn . .... 3 4 7 4 12 6 10 s 3 4 0 ......... . bl 
Agrostis al i a . ......... 66 34 2 SS 13 61 19 . . . . . ..... 11 t:<l ,, 
Agrostis haemalis . ...... 19 . . . ...... . ... . . . 8 ~ 
Ambrosia arlemisiif olia . 3 so 4 11 . . .. . . . . . . 3 9 ......... 2 2 . ........ ~ Antm naria spp .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...... 3 
Aristida dichotoma . ..... 1 47 5 1 . . . . . . . . . . . .... . ... :;; 
Aristida oligant.ia . . . . . . 20 Sl 111 21 13 1 . . . ....... ;i:. 
Aster ericoides . 3 137 126 107 120 138 20 22 6 18 9 44 1 !:%) . .. z Carex spp . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ....... 7 1S2 t:<l 
Eragrostis spectabilis . ... 3 4 2 2 !:%) . . . . . . . .. 
Erigeron ramosus . ...... 4 4 . . ....... 14 29 1 
Euphor!:Jia maculat:i .... . . . . . . . . . . . 2 2 2 
Fragaria virginiana . . . . . . . . . . . ........ . . . . . . . . . . . . . ...... . 2 
Galium triflorum . . . . . . . .. .. . . . . . . . . . . . . . ... . . .... . . . . . . . . . . . . . ........ . . . . . . . . . . . ' ........ . . . . . . . . . . ......... 9 41 
Juncus macer . ... 52 . . . . . . . . . . . . . . . . . . . . . ........ . .. .. . . .. . 
Lactuca canadensis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 . . . . . . . . . . . .. . . . . . . 
Lepidiu"' apt talum . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . ......... 
Lespedeza stipulacea. 16 412 2 . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .. . ...... 
M elilotus officinalis . .. 1 1 47 10 245 4 87 4 25 . . . . . . . . . . 
Muhlenbergia sp . . 2 . . . . . . . . . . . . ....... 11 
0 xalis stricta . .. . . . .... . . . . . . . . . . . . . .. . . .. . 9 . . . . . .. . . . . . . . . . .. . . . ......... . ......... . . . .. . . . . . . . ........ . ........ 
Panicum capillare . ... . . 
Panicum huachucae . . . . . 
Phleum pratense . ...... . 
Plantago aristata . ..... . 
Poa compressa ........ . 
Poa pratensis . ..... . . . . 
Polemonium reptans . . . . . 
Parthenocissus 
quinquefolia . ....... . 
Pycnanthemum 
flexuosum .... . .....• 
Quercus alba . . ...... . • 
Rhus glabra . . ........ • 
Rubus allegheniensis . .. . 
Rubus flagellaris . . . ... . 
Rumex acetosella . ..... . 
Setaria viridis . ....... . 
Solanum carolinense . ... . 
Solidago spp .. .... ... . 
Strophostyles helvola . .. . . 
Symphoricarpos 
orbiculatus . ... . .... . 
Trifolium pratense . . ...• 
Vernonia interior . ..... . 
Viola sororia ......... . 
Moss (x-presence) ... . 
11 
414 
4 
3 . . . . ... . .. 
11 . . ... . .... 
5 . . . . . . . . . . 
213 10 55 
61 17 
11 
24 
x 
16 
9 28 
. . . . . . . . . . 
20 17 
142 
4 
48 40 
. ......... 
2 
8 471 
6 32 .... .. ... . 
10 
33 
31 
787 842 
215 1143 
2 
2 . . ....... . 
2 
4 
9 41 ...... . .. . 
x x 
I • 
12 5 .. . ..... .. 6 67 
215 1148 209 1510 63 369 16 35 
1 
14 
2 
3 
5 ......... . 
7 20 . . . . . . . . . . 
5 
2 
23 5 ...... . .. . 
x . ... .... . . x x .... .. . . . . 
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clover, Kentucky bluegrass, and redtop. In 1939 by the almost complete 
dominance of sweet clover, redtop, and Kentucky bluegrass, the plot 
showed a trend toward the Kentucky bluegrass stage. The aster was 
greatly reduced in numbers and the triple-awn grass had disappeared. 
The area had received 3 tons of lime per acre in 1936 and the same seeding 
applications as plot 1. 
Plot 5 was in the xeric early grass stage in 1938 (Fig. 15). Canada 
bluegrass, K-entucky bluegrass, aster, and yarrow formed a fairly dense 
cover. Plants of bracted plantain, panic grass, and sweet clover were 
present in smaller numbers. In 1939 the Canada bluegrass, sweet clover, 
and panic grass increased greatly in numbers and Kentucky bluegrass 
and triple-awn grass disappeared from the quadrats. Ragweed and daisy 
fleabane appeared in the plot in 1939. The plot had received 4 tons of lime 
per acre and 330 pounds of 2-12-6 commercial fertilizer in 1936. In the 
spring of 1937 a mixture of 4 pounds of Kentucky bluegrass and 10 pounds 
of sweet clover per acre were sown on the area. Some of the sweet clover 
became established as is indicated by its increase in the area in 1939. 
Plot 6 represented the Kentucky bluegrass stage. In 1938 the quadrat 
readings showed Kentucky bluegrass to be dominant, with plants of red-
top and aster also present. Kentucky bluegrass increased in number of 
stems over five times in 1939 and Canada bluegrass made its appearance. 
All other species disappeared except an occasional plant of wild lettuce. 
Frc. 15. The early grass (Xeric) stage of plot 5 in which Canada bluegrass was domi-
nant and Kentucky bluegrass, sweet clover and dewberry were present. August 
26, 1938. Grapes are planted on furrows on each side. 
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The area had received no lime or fertilizer and had not been seeded. Two 
contour furrows were made through the plot and grapes were planted in 
them during the spring of 1938. Studies were conducted on the undis-
turbed strips of vegetation between the furrows. The plot was on a south 
facing slope which received the direct rays of the sun. 
Plot 7 was in the Kentucky bluegrass stage in 1938. It had been 
cleared of coral berry and shag-bark hickory sprouts in 1936 and then 
limed at the rate of 2 tons per acre. In the spring of 1937, 330 pounds per 
acre of 2-12-6 commercial fertilizer were applied. In the same season a 
mixture of timothy, red clover, and sweet clover at the rates of 6, 4, and 
6 pounds per acre, respectively, was seeded and disked into the soil of the 
area. The field was on a northward slope which probably never had been 
plowed. The presence of aster, ragweed, and panic grass indicated that 
it had recently been disturbed in clearing it of brush. Sweet clover and 
red clover, which had resulted from artificial seeding, disappeared from 
the plot in 1939. The Kentucky bluegrass cover greatly increased in den-
sity and redtop made its qppearance. The weedy species, ragweed, aster, 
and milk purslane had disappeared. 
Plot 8 had a cover of Kentucky bluegrass in 1938 which contained a 
number of red clover and aster plants. In 1939 the Kentucky bluegrass 
increased seven times in amount and sweet clover became abundant. The 
aster disappeared and red clover was much less in evidence. The fertilizer 
and seeding treatments of this plot were the same as for plot 7. Two con-
tour furrows were made through the plot in 1938. Plots 7 and 8 were in 
the same field (Fig. 1). 
In plot 9 the sumac had an understory of Kentucky bluegrass, aster, 
panic grass, and yarrow. In 1939 the aster and yarrow disappeared and 
the panic grass and Kentucky bluegrass greatly increased in abundance. 
There was apparently a larger number of sumac shoots in the plot in 
1939. No treatments had been given the area but grazing had taken place 
for about 60 years previous to 1936. 
Plot 10 was located in a second growth oak-hickory forest on a north-
west slope. The tree species were chiefly black oak, shingle oak, and 
bitternut hickory, although shag-bark hickory and burr oak were also 
present. The shrubs in the understory were aromatic sumac, coral-berry, 
and virginia creeper. Sedge and bedstraw were the most common ground 
plants. In the spring of 1939 much of the shade of the plot was removed 
when trees were cut out on the east side of the plot. The effect of the 
increase in light was reflected in the much denser ground cover of sedge, 
bedstraw, and Kentucky bluegrass in 1939, and the appearance of muhly 
grass, goldenrod, milk purslane, and dewberry. 
Plot H was located in a field of alfalfa to afford a comparison with 
the weed and grass cover plots. The soil had been limed at the rate of 3 
tons per acre in 1937 and had received 300 pounds per acre of 2-12-6 com-
mercial fertilizer in 1938. Seeding treatments were the same as for plot 1 
until the summer of 1938 when the cover, mostly rye, was plowed under 
and the field sown to alfalfa. The alfalfa in the fall of 1938 made only a 
TABLE 8 
AVERAGE DRY WEIGHT IN POUNDS PER ACRE OF RooTS, LITTER, AND TOPS rN 1938 AND 1939, THE RATIO OF RooTS IN THE SURFACE 
9 INCHES TO TOPS, AND PERCENTAGE BASAL AREA OF THE PLOTS rN 1939 
Early Grass 
Shrub Oak-hickory 
Vegetation .. .. ..... Early Weed Perennial Forb Mesic Xeric Kentucky Bluegrass (Sumac) Forest Alfalfa 
Plot No . ...... . . . .. 1 2 3 4 5 6 7 8 9 10 H 
Year ... ........... 1938 1939 1938 1939 1939 1939 1938 1939 1938 1939 1938 1939 1939 1938 1939 1938 1939 1939 
Tops ......... .. ... 1470. 2800. 1230 . 1860 . 1620. 1680. 3310. 3820. 5260. 3680. 2020. 2040. 3740. 3740. 7400. 1750 . 2750. 1340. 
Litter . . . ...... . ... 0. 1160 . 2100. 1770. 2110. 652. 1470 . 1990. 637. 2680. 667. 2040 . 3350 . 2000. 2220. 4290. 6860. 1850 . 
Roots 
0-3" ............ 406 . 1310. 250. 906 . 615. 607. 1720 . 2640 . 4690. 4290 . 2150. 4500. 6860. 4740. 4610. 3690 . 2950. 1150. 
3- 6" .. ..... . .... 32. 96 . 29. 56 . 67. 563. 305 . 135. 422. 470. 72. 269 . 385 . 1200. 668. 914. 1924. 263. 
6-9" ............ 11. 85. 24. 26. 36. 382. 233. 69. 225. 166 . 58 . 179. 255. 328. 319 . 1480. 2580 . 148. 
9-12" . ... . ...... . . . . 16.3 . . . . 15. 27. 123. . . . . 38 . . ... 61. . .. . 175. 135 . . . . . 303. . . .. 2140 . 141. 
0-9" ............ 449. 1491. 303 . 988. 718. 1552 . 2258. 2844. 5337. 4926 . 2280. 4948. 7500 . 6268. 5597. 6084. 7454 . 1561 . 
Ratio of roots to tops .357 .532 .434 .532 .445 .923 .648 .744 1.06 1. 35 1.13 2.43 2.00 1. 67 .759 3.56 3 .49 1.17 
Canopy 30. Canopy 80. 
Percentage 
basal area .... . ... .... 0.9 . . . . 0 .6 0.9 1. 6 . .. . 4.0 . . . . 8.0 . ... 6.0 1.0 . ... 3.3 . ... 1. 5 2 .0 
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fair stand but the number of stalks in 1939 was double that in 1938. Rag-
weed, lamb's quarters, redtop, pepper grass, smartweed, and ticklegrass 
were present. In the spring of 1940 these weeds were crowded out by the 
development of the alfalfa which formed a satisfactory stand. 
RooT-ToP STUDIES: The plant cover described above showed 
notable increase in number and changes in species of the plants which 
made up the vegetative cover in the higher stages of plant succession. In 
addition, a study was made of the quantity of roots and tops and the dis-
tribution of the roots in the surface 12 inches of soil. In Table 8 the aver-
age dry weights of the roots, tops, and litter from the successional plots, 
and the alfalfa plot (H), are tabulated for the years 1938 and 1939. The 
root-top ratios and the per cent basal areas also are included. 
In plot 1 in the weed stage the dry weight of tops averaged 1,470 
pounds per acre in 1938 but in 1939 the quantity was nearly doubled. The 
dry weight of roots in the surface 9 inches increased from 449 to 1,491 
pounds per acre respectively. The presence of the lespedeza in 1939 ac-
counted for a part of this increase. The lime and superphosphate applica-
tions seem to have greatly improved this site. 
Plot 2 had lower weights of both roots and tops than plot 1. However, 
the quantity of roots increased within plot 2 more than three times in 
1939 over 1938. Most of the increase was in the surface 3 inches and all 
of it was in the surface 6 inches. 
Only the 1939 reading was obtained from plot 3. There was a smaller 
quantity of surface roots in plot 3, than in plots 1 and 2, but a larger per-
centage of the roots was in the 6-12-inch layer. The greater depth of the 
roots may have been in part a response to the higher percolation rate of 
the sandy loam surface soil and the quickly exhausted available moisture 
in this layer during the summer. This effect will be discussed later under 
soil structure. However, in all of the first three plots 85-91 per cent of 
the roots was found in the surface 3 inches. 
Plot 4, in the early grass stage, had only a slightly greater top growth 
than plot 3, but it had over twice the quantity of roots in the surface 9 
inches. The surface 3 inches of soil had about the same quantity of roots 
as were found in the late weed stage but the quantities in the layers be-
tween 3 and 9 inches were 10 times as great. The presence of the deep 
rooted sweet clover probably accounted for much of this. 
Plot 5, with its cover of Canada bluegrass and sweet clover had much 
higher root and top dry weights than did any of the first four plots. The 
greater weight of roots in 1939 over 1938 was in the surface 3 inches. At 
the other levels dry weight of roots was slightly lower in 1939: 
Plots 6, 7, and 8 had Kentucky bluegrass cover. Plot 6 contained 
some Canada bluegrass making it intermediate between plots 5 and 6. 
Plot 6 had less top cover in 1939 than in 1938 but the quantity of roots 
was only slightly less. In 1939 plot 6 had 4,926 pounds per acre of dry 
roots as compared to 2,844 pounds per acre in the Canada bluegrass of 
plot 5, and 7,500 pounds per acre in plot 8. 
Plot 7 had a much lower quantity of tops than either plot 6 or 8, and 
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there was little change in 1939 over 1938. However, the quantity of roots 
in this plot more than doubled in 1939, and was about equal to that of 
plot 6. The dry weight of tops in plot 8 in 1939 was 3,740 pounds per acre. 
The dry weight of roots in the surface 9 inches was 7,500 pounds per acre 
of which 6,860 pounds were in the surface 3 inches. This was the highest 
reading for roots obtained for any plot in the series. 
In plot 9 the horizontal roots of the sumac materially increased the 
weight of underground parts. The total weight of underground parts for 
the surface 9 inches was 6,268 and 5,597 pounds per acre in 1938 and 1939 
respectively. The roots of this stage were slightly deeper than in the pre-
vious stages, and a larger percentage of them were found in the 3-6-inch 
layer than in plots of lower stages. The dry weight of tops varied greatly. 
This was probably due to sampling error, since the presence of one stalk 
more or less of sumac would make considerable difference in the com-
puted weight per acre. More samples were needed in the shrub and for-
est communities to establish the weights of their tops. The root data did 
not show such great variation. 
Plot 10, which was in the oak-hickory stage, was subj~ct to the same 
sampling error as was found in plot 9. The top studies in this plot included 
only the understory plants and seedlings of the forest trees. The dry 
weight of litter was twice as great as on any of the other plots. The quan-
tity of roots in the surface 9 inches was about the same as for the sumac 
plot but the depth of penetration of the roots was greater. The second 6 
inches of soil contained nearly as large a quantity of roots as the surface 6 
inches. The understory plants had shallow roots, and only a small per-
centage of them penetrated below 4 or 5 inches. The roots below this 
level were nearly all tree roots. 
Figure 16 shows distribution of roots in the surface 12 inches in sev-
eral stages of the secondary plant succession on these eroded soils. The 
volume of roots increased progressively from the perennial £orb to the 
forest stage. Only in the forest was there a large percentage of roots 
below 6 inches in depth. In all.the stages studied except the forest stage, 
75--80 per cent or more of the roots of the upper foot of soil were in the 
surface 3 inches. 
Plot H in the alfalfa field had 1,560 pounds per acre of roots in the 
0-9-inch layer of soil in 1939, an amount similar to plot 4 in the early grass 
stage near by. Root penetration was much greater in both of these plots 
than in the wood stages, largely the result of the presence of several tap 
rooted species. The alfalfa had 1,340 pounds per acre of tops which was 
slightly less than the top growth of plot 4. 
In Table 8 the weights of roots and tops and the ratio of the dry 
weight of roots found in the surface 9 inches of soil to the dry weights of 
tops in each plot are listed. These figures summarize the relation of roots 
to tops in the succession. The weed stages had ratios between 0.357 and 
0.532. The ratios in the perennial £orb stage were between 0.434 and 0.532 
and in the early grass stage they ranged from 0.684 to 0.923. The Ken-
tucky bluegrass cover included root-top ratios ranging from 1.06-2.43; 
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FIG. 16. Average distribution of roots in pounds per acre in the surface 12 inches of 
soil in several stages of secondary plant succession. (1939). 
the sumac shrub stage from 0.759-1.670; and the oak-hickory forest stage 
from 3.491-3.561. The ratios in the shrub stage would probably have been 
higher if the sampling depth had been greater than 12 inches. The ratios 
in the forest would probably have been much lower if samples were made 
to include the tree tops. The ratios in the alfalfa plot were of the same 
order as those in the Kentucky bluegrass stage. In general the ratio of 
roots to tops was significantly higher in the higher stages of the succes-
sion than in the weed stages. 
Percentage basal area results for 1939, given in Table 8, showed a 
gradual increase in the basal area from the lower to the higher stages of 
the succession. A corresponding increase in protection from soil and 
water loss was evident but not measured quantitatively. Basal area 
reached a maximum of 10 per cent in the Kentucky bluegrass cover (plot 
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8) and then declined as canopy of shrubs and trees became a factor in the 
sumac and oak-hickory stages. 
SOIL-WATER RELATIONS: A final test of favorable soil structure 
is the ability of the soil to absorb and render available a moisture and 
nutrient supply sufficient to support the vegetation of an area. The pre-
cipitation which falls upon an area, except a very small percentage which 
is utilized in plant growth, evaporates from the surface of the soil or plant 
cover, transpires from the plants, is lost by surface runoff or percolates 
through the soil. The quantity and rate of precipitation, the nature of 
the plant cover, the degree and aspect of slope, the condition of the soil 
surface, and the nature of the entire soil profile constitute the complex of 
factors determining the percentage of precipitation water in each of the 
above categories. The nature of the plant cover has been discussed. The 
condition of the soil surface and the nature of the soil profile will now be 
considered. 
Measurement of the rate of runoff from plots under the various plant 
communities was made by applying 1.5 inches of water at the rate of 9 
inches per hour as described above. In order to overcome possible differ-
ences in runoff resulting from initial soil moisture content, the second 
application on each test area was used in making averages for the plot. The 
results of tests are given in Table 9. A tendency may be observed in the 
series of plots for the runoff percentage to become lower in the higher 
stages of the succession. 
Plot 1, the weed stage, had an average runoff of 64.2 per cent; plots 2 
and 3, the perennial forb stage, had an average runoff of 67 per cent; plots 
4 and 5, the early grass stage, averaged 44.1 per cent; plot 6, a Kentucky 
bluegrass stage, had 62 per cent in these tests. Plot 6 was highly sodbound 
and compact. It had been part of a pasture lot for many years. Plots 7 
and 8 had runoff percentages of 43.7 and 39.8 respectively. In these two 
plots the soil was more sandy and had been disked and seeded in addition 
to being limed in 1936. The shrub stage of plot 9 had 17.4 per cent runoff, 
TABLE 9 
AVERAGE PERCENTAGE RUNOFF FROM THE SECOND OF Two APPLICATIONS OF 1.5 INCHES OF 
WATER APPLIED ON PLOTS AT THE RATE OF 9 INCHES PER HOUR AND AVERAGE AND MAXIMUM 
DEPTHS OF PENETRATION, SUMMER 1939 
Plot No. 
1. . .... .... .. .. . . 
2 .... .. ......... . 
3 .... .. . ... .. . . . . 
4 .. . .. . .. .•....•. 
5 .. . .. .. ... . .... . 
6 . . .. .. . . ... . ... . 
7 . . ...... . . . .... . 
8 .. . . .... . ...... . 
9 .. ... .. . . . . . . .. . 
10 ... . .... . ...... . 
H . .... .. .. . . .... . 
Runoff 
Percentage 
64.2 
74 .7 
59 . 1 
41 .8 
46.5 
62.0 
45.2 
39 . 4 
17.4 
27 .7 
76 .0 
Depth of Maximum 
Penetration in Inches 
10 . 5 
8 .0 
12 .0 
11. 5 
9.5 
9.5 
12.5 
15.5 
26.0 
10 .0 
10.0 
Average Depth of 
Penetration in Inches 
6.5 
5.5 
9.0 
9.0 
9.0 
5 .0 
7.5 
12.5 
16.0 
8.0 
7.0 
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the lowest of any of the plots. The profile had much sand in it. Runoff of 
plot 10 in the oak-hickory forest was 27.7 per cent. Plot H in the alfalfa 
had the highest runoff percentage of any of the plots. This soil was very 
compact in addition to the fact that alfalfa does not prevent runoff. The 
depths of penetration in the plots (Table 9) were approximately in the 
inverse order of the runoff percentages. The weed stages, and plot 6 in 
the Kentucky bluegrass stage had the least penetration. The shrub stage 
(plot 9) and the Kentucky bluegrass stage (plot 8) had the deepest aver-
age penetration, 12 and 16 inches respectively. In general the average 
and maximum depths of penetration increased in successional order but 
the differences were not significant. 
Available moisture in the surface layer of soil was highly important 
to plant development especially among the more shallow rooted species. 
In Figure 7, available moisture in the surface 6 inches was shown for the 
weed stage, Kentucky bluegrass stage and the oak-hickory forest stage 
(plots 1, 6, and 10 respectively), and compared with the basin-listed plot N. 
In all of the communities represented, the moisture supply accumulated 
during the winter and was rapidly reduced during the months of March, 
April and May. The importance of available moisture to plant develop-
ment may readily be seen from an examination of the percentages of avail-
able moisture found in the lower stages as compared to the higher stages 
in the plant succession. In plot 1 after the last week in April there was no 
available moisture in the surface 6 inches, except for a period of 2 weeks, 
until the latter part of November. Winter annuals survived on this site 
because they grew chiefly in late fall and early spring. Plot 6 under 
Kentucky bluegrass was without available moisture in the surface 6 inches 
for 6 weeks during 1939. Although soil loss is greatly retarded by blue-
grass cover, moderately compacted bluegrass sod has a very high rate 
of runoff (37) . Consequently the moisture supply in the top 6 inches of 
soil is readily depleted because of the high rate of absorption from this 
layer by the bluegrass. The oak-hickory forest had the highest amount 
of available moisture in the upper 6 inches of any of the plots. The peak 
in moisture supply recorded for February, 1939, in all the plots was a 
result of a thaw which allowed the surface soil to become almost satur-
ated. A subsequent drop in temperature kept the moisture in place until 
the frost left the soil. 
In the perennial £orb stage of plot 3, the surface 6 inches had nearly 
as small a quantity of available moisture as did plot 1, but the second 6 
inches had some available moisture during two-thirds of the summer. 
Very little moisture storage occurred in the surface foot and no significant 
change was effected in the available moisture content at depths of 3-6 
feet in winter or summer. This lower part of the soil horizon remained 
just above the wilting percentage. 
In the Canada bluegrass of plot 5, there was considerable variation 
in the amount of available moisture but the upper 3 feet had available 
moisture during most of the summer. The available moisture in the sur-
face 2 feet increased quickly after the 7 inches of rain during the first week 
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in August 1939, although the second foot reached a maximum at a later 
date than the first foot. Below 3 feet the moisture content did not begin to 
show any increase until more than 3 weeks ·later. The soil in this plot, 
because of the greater quantity of available moisture, was able to support 
a denser plant cover than the soil of the weed stages. 
In the Kentucky bluegrass of plot 6 the whole profile, except in win-
ter, did not vary more than 10 per cent in available moisture. During 
early summer in 1938 and during October in 1939 the entire profile be-
came very dry. This plot absorbed even less of the 7 inches of rain the 
first week of August 1939 than did the weed stage. The very high runoff 
rate for this plot, 62 per cent, is significant in this connection. Rapid 
transpiration of soil moisture by the dense cover tended to reduce the 
quantity of available moisture rapidly and the compact surface layer re-
tarded infiltration. 
Plot 7 was an example of bluegrass cover which had been derived 
from a shrub community by clearing. The soil structure permitted more 
rapid percolation than in plot 6 and moisture was available below the one-
foot level during the entire period of the investigation. The surface foot 
was dried out rapidly by the grass cover but precipitation was readily 
absorbed. In the Kentucky bluegrass of plot 8 there was a higher avail-
able moisture content in soil below 2 feet than in any of the other plots 
studied. The surface 2 feet fluctuated greatly in response to precipita-
tion. The heavy bluegrass cover on this plot ' absorbed practically all of 
its moisture from the upper 2 feet of soil. 
The fluctuation of available moisture in the surface 6 inches for plot 
10, the oak-hickory forest plot, was shown in Figure 7. The second 6 
inches varied nearly as much except during the winter months. Below 3 
feet the moisture content rose slightly during the winter but it dropped 
well below wilting per cent during. the summer and fall months of 1939. 
In the alfalfa, plot H , a considerable quantity of available moisture 
was stored in the surface 2-foot depth during the winter but it was lost 
rapidly during April and May. However, the moisture content apparently 
never was reduced to the wilting percentage, and the available moisture 
. · remained between 5 and 15 per cent during the entire summer. The ab-
sorption of precipitation was considerably less in plot H than in plot 5 
(Canada bluegrass) which had the same soil type. At depths below 2 feet 
the moisture content remained a little above the wilting percentage. 
Rate of percolation, which was measured by means of the apparatus 
shown in the diagram, Figure 4, has been described above for stations M 
and N. For the 11 cover type plots, the average time in seconds for a 
3-inch drop in water level in the 1.5-inch auger hole in 1939 is given in 
Table 10 for 6-inch depths down to 3 feet. Plot 8 had the most rapid perco-
lation of any plot in the surface foot, the time being 27 seconds in the first 
6 inches and 37 seconds in the second 6 inches. Plot 8 had rapid percola-
tion to the depth of 36 inches. Plot 9 had the rapid percolation rate of 41 
seconds in the surface 6 inches but the much lower rate of 246 seconds in 
the second 6 inches. The weed stage (plot 1) had rapid percolation in the 
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surface foot but the rate was lower (265 seconds) below that. Almost bare 
sites of this kind on the Lindley loam may have unusually high percola-
tion rates because of the friable condition of the surface soil caused by 
the leaching of colloidal clays from the upper layers, often to a consider-
able depth. In plot 2, impervious layers were present at 18 and 30 inches. 
Plot 3, had very poor percolation in the third foot. Percolation was slow 
in plots 4 and 5 at depths of 30 inches and below. Plot 6 had a moderate 
rate of percolation at the lower depths but in the surface 6 inches, 122 
seconds were required for the water level to drop 3 inches, a rate which 
was similar to that found in the weed stages. Plot 10 in the oak-hickory 
forest also had a low percolation rate in the surface layer as compared to 
that in the shrub stage but the rate was about the same for all depths 
investigated. These results, though seemingly inconsistent in relation to 
successional change are closely related to the nature of the substratum as 
indicated by profile studies, moisture content and plant cover in the plots. 
TABLE 10 
PERCOLATION STUDIES. AVERAGE TIME IN S ECONDS FOR A 3-INCH DROP IN WATER LEVEL 
IN 1.5-LNCH AUGER HOLES, 1939 
Plot No. 0- 6" 6- 12" 12- 18" 18-2411 24-30" 30-36" 
1. .. ............ 56 67 265 241 296 830 
2 .. ........... .. 113 205 1260 464 2068 540 
3 ............... 125 230 458 733 2180 3000 
4 . . . . . . . . . . . . . . . 145 163 509 801 2430 . .. . . . . . . . 
5 ............... 85 300 233 724 3645 ...... 
6 ........ .. ... .. 122 118 268 695 481 105 
7 ...... .. ....... 57 105 137 724 600 1180 
8 . ...... ........ 27 37 84 65 41 50 
9 ............... 41 246 702 614 764 1053 
10 ............... 153 186 246 251 190 490 
H ....... ....... 151 229 72 569 248 461 
PROFILE STUDIES: In 1939 profile studies were made of the soil at 
the lower edge of each plot and analyses were made of several horizons. 
A summary of these analyses is presented in Table 11. The name and 
depth of horizons, pH, percentage carbon, specific gravity, volume-weight, 
percentage total porosity, capillary porosity, and non-capillary porosity 
are given for each plot. The soil in plot 1 had been disturbed down fo 9 
inches and erosion had removed all but 4 inches of the surface soil. The 
liming treatment in 1936 brought the surface layer to a pH of 6.2. Below 
the surface 4 inches the profile was strongly acid. The percentage of car-
bon was low even in the surface layer and the specific gravity and volume-
weight were relatively high. Porosity was low in the surface layer and 
decreased at lower depths. The compactness of the surface and the lower 
layers kept the intake and storage of moisture at a low level, so that at 
first only xerophytic weeds could endure the conditions present. In 1939 
and 1940 increasing amounts of lespedeza and redtop became established. 
Contour furrows had retarded erosion and water loss on this plot. 
TABLE 11 
SUMMARY OF DATA FROM PROFI LE STUDIES, MADE DURING THE SUMMER OF 1939 
Percentage Percentage Percentage 
Depth Percentage Specific Volume- Total Capillary Non-capillary 
Plot and Horizon in Inches pH Carbon Gravity W eight Porosity Porosity Porosity 
Plot 1 
Surface . . .. ........ .. .. 0- 4 6 . 2 .83 2 .64 1.45 45.1 22.9 22 .1 
Sub-surface .... . . . ... . .. 4-9 4 .8 .29 2 .64 1.49 37. 1 19 .0 18.1 
B . . .... . . . ... ···· · ···. 9- 19 4 . 5 .26 2 .73 1.56 42 .5 23.4 19 .1 
C. ··· ··· · · ····· ··· ·· ·· 19- 40 4.5 .23 2 .73 1.69 37.9 19.4 18.6 
Plot 2 
Surface . . . . . . . .. . .. . ... 0-3 . . ......... . . . . . . . . . . . . . 2 . 65 1. 52 41. 9 21. 5 20 .4 
B .. ... .. . ..•....•. . . .. 3- 12 . . .... . ..... . . . . . . .. . . . . 2 .74 1.42 49 .3 28 .6 20 .7 
C ... .. . ...... . . .. . .. .. 12- 23 . . . . . . . . . . . . .... . ....... 2 .75 1.42 46.6 29.4 17 . 2 
Plot 3 
Surface . . .. . ........... 0- 6 4.57 .70 2 . 61 1.34 48 .6 27 .8 20.7 
B1 ... ..... . . ... .. .... . . 6- 10 4.67 .46 2 .73 1. 53 43 .8 23 .9 19. 9 
B2 .. . ..•...... . ... .. ... 10- 18 4 .76 .47 2 .76 1. 39 45 .9 25 .8 20.1 
C .. . .................. 18- 27 4 .81 .28 2 .70 1.61 40 .5 23 . 1 17.4 
Plot 4 
Surface .... . . ...... .. . . 0-5 5.76 1. 58 2 . 62 1.18 54.8 29.9 25.0 
B1 . . . . .... .. . . ... ... .. . 5-12 4.73 . 68 2 .67 1.34 49 .7 27 .3 22 .4 
B2 .. . . . .. . . . . ... ... . . .. 12- 18 4 .41 . 60 2 . 69 1. 33 50 .5 27.6 22 .9 
C . . . . .. .... . . . . . . . . . .. 18- 36 5 .52 .25 2 .73 1.49 45 .2 25 . 1 20 . 1 
Plot 5 
Surface . . . ......... . ... 0- 5 5 . 62 1. 39 2 . 62 1.46 48.1 27 .4 20 .6 
Sub-surface . .. ...... . . . . 5- 10 4 .91 . 54 2 .64 1. 79 47 .4 25.9 21.5 
B . . .. ... . . ...•.... . . .. 10- 29 4 .82 .40 2 .70 1.84 45.5 25.4 20 .9 
C . . .. .. . . . .. . .. . . ..... 29- 40 5.25 .35 2 .74 1. 96 43 .7 24. 1 20 .5 
Plot 6 
Surface .. . .. . .... . .. . .. 0- 7 5.80 . . .. . . . .. . .. 2 . 61 1.42 45 .5 27 .3 18.2 
A,. .... . ... . . ...... . ... 7- 11 6.14 . . ....... . .. 2.66 1. 59 40 .5 20 .6 19.9 
B, . .. . .. . . ..•. . ........ 11- 20 6.36 . ...... . ... . 2.71 1.58 41.8 22 .3 19 .4 
B2 . .. .. . .. . ........... . 20- 30 5 .06 . .. ......... 2.74 1 . 61 41.1 23.6 17.6 
c ..... ..... . .. . . . .. . .. 30-40 4.48 . .. . . . . .. . .. 2. 71 1.73 36 .0 19 .9 17 .0 
Plot 7 
Surface . . . . .... . .. 0- 6 6.16 1. 28 2 . 66 1.18 55 .8 34 .5 21. 3 'ti 
Sub-surface ... . . . . ... .. . 6- 12 6 .07 .41 2 .68 1.50 44 .0 27 .9 16 . 1 t" )-
B1 . ................ . .. . 12- 25 4 .76 .41 2 .70 1. 63 39.6 21.4 18 .2 z 
B,. ..... .. . . .. . . . .. . . .. 25- 34 4 .63 .21 2.73 1.57 42 .6 21. 7 20 .9 ..., 
Plot 8 '1 
Surface .. .. . 0- 5 6.48 2.63 1.24 50 .9 27. 6 23.4 :a ........... . .. ......... 0 
B1 . ........ . . . ...... . .. 5-13 6 .67 ....... . ... . 2 . 65 1. 51 43 . 1 22 .6 20 .4 ~ 
B2 . . ....... .. . . .... . .. . 13- 19 6 .54 .. . ... . . .... 2 .68 1. 72 35 .9 19 .2 16 .8 ..., 
c .......... . ...... .. .. 19-42 5 .12 2 .63 1. 72 34 .5 20.4 14 . 1 ::i: .. . .. . . . .... 
Plot 9 (l 0 
Surface . . ......... . .... 0-4 5 . 93 1. 65 2 .59 1.29 50 .0 25 .8 24.2 z 
Sub-surface .... . .. . ..... 4- 10 5.98 .46 2. 68 1.46 45 .5 24 .8 20 .6 I:) H 
B1 ... . ..... . ... . . ... . . . 10- 15 5 .50 .35 . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . ..... . . . . . . . . . . . . . . . . . . . . . . . . ..., 
..... 
B2 ... . . .. .............. 15-38 5 .30 .31 2.72 1.67 38 .5 20 .5 18.0 0 
C . ··· ·· ······ · · ·· ·· ·· · 38- 40- 4 .49 . 23 2 .75 1.69 38 .3 20 .7 17 .7 z rn Plot 10 0 A1 ............... . ... . . 0-7 5 .84 1. 75 2.63 1. 30 57 .5 29 .1 28.4 "I 
Az .. . ... .. . . . . . ..... . .. 7- 11 5 . 31 . SO 2 . 69 1.81 46.4 22 .9 22 .5 [':I 
B1 .. . 11- 15 4.66 .34 2.71 1.70 41.0 20.4 20 .6 :a 
B2 . . .. .. . ....... 15-28 4 .77 . 26 2.73 1.60 41.4 22 .8 18 .6 0 I:) 
PlotH [':I 
Surface . .. .. . .... . ... . . 0- 4 5.28 1. 79 2 .65 1.08 59 .1 30 .5 28 .6 
I:) 
rn 
Sub-surface .. . .... 4- 10 . . . . . . . . . . . . .. . . . . . . ... . . . . . . . . . . . . . . .. . .. . .. . .. . . . . . . . ... . . . ....... . . . . . . . . . . . . . . . 0 
B1 .. . . .. .. .. .. . . .. . .. . . 10-17 4 .54 .69 2.71 1.29 51.6 28 .8 22.8 H t" 
B2 . .. . . . ..... ... . . .. . .. 17-27 4.16 . 62 2.74 1.29 22 .9 29 .5 23.4 rn 
C . . .. . . .... . . . ..... . .. 26- 40 5.02 .29 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ..... . . . . . . . . . . . . 
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Plot 2 was badly eroded, and only 3 inches of surface soil remained. 
Active erosion continued during the whole period of investigation. The 
surface soil had low total and non-capillary porosity and high volume-
weight and specific gravity. The plant cover had changed very little dur-
ing the study and the weeds remained in spite of the presence of 
perennials. 
The soil of plot 3 was also badly eroded and apparently in a low state 
of fertility. The whole profile was strongly acid and had a low carbon 
content. This plot had much triple-awn grass and bracted plal'l;tain in 
the aster, goldenrod and red sorrel cover. The constant presence of the 
trailing wild bean was remarkable, in view of the low pH. The soil be-
tween. the depth of 6 and 10 inches was found to be especially compact. 
Plot 4 had a rather weedy cover of the early grass stage in which a 
greater volume of roots was found than in the first three plots. As a result 
of the liming the surface layer was only slightly acid and sweet clover 
grew in abundance. The total carbon content indicated that considerable 
organic matter may have been present. Specific gravity of the surface 
layer was 2.63, about the same as for plot 3, but the volume-weight, 1.18, 
was much lower and indicated porous soil. Porosity readings, especially 
non-capillary porosity were well above those of lower stages. This may 
have been largely the result of the heavy plant cover which contained 
sweet clover. The soil type was Clinton silt loam, Some seepage water 
was present during spring and early summer. 
Plot 5 was on Clinton silt loam. It had been eroded and cropped more 
than plot 4 and was on an exposed hillside. The cover was Canada blue-
grass, the xeric, early grass stage. The pH of the horizons was essentially 
the same as in plot 4. The soil was slightly acid in the surface layer and 
the C horizon, and medium to strongly acid in the B horizons. The per-
centage carbon was 1.58 and 1.39 for the surface layers of plots 4 and 5 
respectively. The carbon content of plot 5 below the surface layer was 
lower at lower depths but was somewhat higher than the corresponding 
depths of plots 1 and 3. Plot 5 showed porosity readings below those of 
plot 4 at all depths sampled. The volume-weight was unusually high in 
the B and C horizons of plot 5, thus indicating very compact soil in these 
horizons. 
In plot 6, although no lime had been applied, there was only slight 
acidity in the surface 20 inches. In plot 8 the soil had been limed and the 
reaction was almost neutral in the surface 19 inches. Both areas had been 
in. Kentucky bluegrass for several decades. These two plots had higher 
quantities of root and top materials than did plot 7 or any of the earlier 
cover types. 
Plot 7 was slightly acid in the surface foot and highly acid below one 
foot. The percentage total carbon (1.28) was slightly below that of plots 
4 and 5. Specific gravity was 2.66 in the surface layer but the volume-
weight was only 1.18. Total porosity and capillary porosity were 55.8 and 
34.5 respectively, a higher reading than found in any of the other grass 
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plots . . Non-capillary porosity was rather low through the whole profile. 
In plot 8 the non-capillary porosity was 23.4 per cent in the surface 5 
inches. 
The acidity of plot 9 (shrub stage) was slight in the surface and sub-
surface layers, medium in the B horizon and strong in the C horizon. The 
surface layer had a carbon content of 1.65 per cent and the subsurface 
layer, 0.46 per cent, which was somewhat lower than in plot 10, but above 
that of most of the other plots. Non-capillary porosity of plot 9 was 24.4 
per cent at the surface. This plot had the lowest runoff percentage found 
in any of the plots. Percolation rate also was high in the surface layer. 
The soil of plot 9 was slightly sandy, especially at the surface, and it had 
been disturbed somewhat by the activity of rodents. Plot 10, the oak-
hickory forest plot, had the highest total porosity and non-capillary poros-
ity found in the surface layer which was higher than that of some of the 
other plots. 'I'otal carbon percentage was 1.75, the highest of all the plots. 
The soil. had slight acidity in the A 1 horizon, medium acidity in the A 2 
horizon and strong acidity in the B horizons. 
Plot H, in the alfalfa field, had pH readings similar to plots 4 and 5 
which were also on Clinton silt loam. The percentage total carbon was 
higher in the surface and B horizons than in any of the other plots ana-
lyzed. The volume-weight was lower and the total and non-capillary 
porosity were higher in the surface and B horizons than in the other 
plots. These analyses were made when the profile was very dry which per-
haps tended to give higher porosity readings. The texture of the soil was 
fine and the surface became compact, showing effects of the sun and beat-
ing of rain. As the cover became more complete the surface showed the 
effects of partial protection. The soil of the B horizon swelled rapidly 
when wet and became tough and relatively impervious. The effects of 
plowing were apparent in the distribution of the roots in the surface 10 
inches. Mature rye straw was plowed under in August 1938 when the 
alfalfa was planted. A year later the rye straw was still only partially de-
composed and a porous layer occurred where the rye straw was found. 
The alfalfa roots spread out in this layer just above the compact layer 
undisturbed by the plow. Figure 17 shows how this uneven layer affected 
the distribution of roots of the alfalfa. 
POROSITY STUDIES OF ERODED SURFACE SoILs: In addition to 
the profile studies, porosity and volume-weight determinations were 
made in the plots in the spring and fall of 1938 and 1939, except in plots 1, 
3, and 9 which were sampled first in the fall of 1938. Samples were taken 
at two depths, 0-3 inches and 4-7 inches, one below the other, by the 
method used in the basin-listed experiment. 
The usual sampling problems were increased because these surface 
soils had been disturbed by plowing and by erratic sheet and gully ero-
sion. Seasonal variations and differences in moisture content also added 
to sampling error. Because of the variation among the samples, signifi-
cant trends were not evident. However eight of the plots showed lower 
FIG. 17. Plot H, showing alfalfa roots branching and spreading out in the porous layer left by the plow and the mature rye straw 
which was turned under the previous year. The ink line indicates the plow depth. 1939. 
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non-capillary porosity in the fall of 1939 corresponding to the low point 
in the basin-listed experiments shown in Figures 6 and 7. 
Averages were made of all the surface and the subsurface samples 
from a given plot. These are tabulated in Table 12. The surface readings 
tended to be higher than was recorded in the profile studies because the 
latter sampled layers of greater depth. This was especially true of plots 
3 and 4. Plot .3 was sandy at the surface but was a heavy clay just below. 
Plot 4 was formerly the edge of a cultivated field, the soil of which was 
much better than the plant cover in 1938 indicated. The rapid invasion of 
redtop, sweet clover and Kentucky bluegrass bore this out. 
Excluding plots 3 and 4 there seems to be a trend to higher non-
capillary and total porosity and lower volume-weight of the surface layer 
of the soil from the weed stage to the oak-hickory forest. In the 4-7-inch 
layer such a trend is much more difficult to discern. The standard devia-
tions of the 4-7-inch samples were, except for plots 6 and 10, much below 
those of the surface layer. 
A close negative relationship was found in the surface samples be-
tween volume-weight and total porosity, the correlation coefficient being 
TABLE 12 
VOLUME-WEIGHT AND POROSITY PERCENTAGES FOR THE SELECTED SITES. AVERAGES OF 
7-10 SAMPLES AT DEPTHS OF 0-3 INCHES AND 4-7 INCHES 
~olomeT~~Md"d Non-Plot No. Total Standard capillary Standard No. Sample Weight Deviation Porosity Deviation Porosity Deviation 
Surface Samples 0- 3" 
1 8 1 . 41 .059 46 .0 2 .73 22 .9 4 .39 
2 10 1.46 .109 44 .5 4 . 16 21 .8 4 .42 
3 8 1 . 27 .100 51 .6 3 .98 28 .9 4.73 
4 10 1 .22 .115 55 .7 3.92 27.0 2 . 41 
5 7 1.35 .123 48 .0 4.76 21 .2 2 .69 
6 10 1 .33 .096 49 . 3 3 .21 24 .1 2 .36 
7 10 1.30 . 105 49.9 4.04 23.4 3.09 
8 10 1.29 .142 50 .2 5.40 23 .1 3.15 
9 8 1.26 .110 51 .9 4 .34 24 .1 5 .78 
10 10 1.11 . 114 57 .0 4 .32 28 .2 3.00 
Subsurface am pies 4- 7" 
-
1 7 1.60 .080 39 . 4 3 .40 19 .2 2.69 
2 10 1.46 .093 44 .9 3.58 20.8 2.52 
3 8 1 . 53 .001 42.0 1.28 21 .2 0.92 
4 10 1. 27 .059 52 .8 2 .13 24.9 2.20 
5 7 1 .40 .040 47.5 1.50 22 .1 0 .98 
6 10 1 .48 .101 43 .8 '.3 .98 21.8 3 .77 
7 10 1. so .086 43 .5 3 .20 20 .4 2.54 
8 10 1 .48 .106 43 .9 3 .94 21.0 2 .63 
9 8 1.45 .052 47.5 3 .04 23 .6 1. 77 
10 10 1 . 37 .082 47.0 3.30 23 .7 3.26 
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-.978. Between volume-weight and non-capillary porosity the correlation 
was found to be -.790. These results seem to indicate that volume-weight 
and total porosity percentage result from the same combination of soil 
properties, whereas the non-capillary porosity determination is less 
closely related. 
The non-capillary porosity affects plant cover most directly perhaps 
through its influence on the moisture economy in eroded soils. Low non-
capillary porosity especially at the surface prevents or retards entrance of 
precipitation into the soil, and low porosity at deeP.er levels retards infil-
tration and reduces the storage of water available to plants. Aeration 
is also reduced, retarding weathering of the inorganic materials and other 
soil-forming processes of a biologic nature. 
INDICATOR SIGNIFICANCE OF COVER TYPES: Much practical in-
formation relative to the plant growth conditions of a given site can be 
obtained by a quantitative study of the vegetation of the site. Conversely, 
the quantitative investigation of the conditions or factors of the site (habi-
tat) throws much light on the nature of the vegetation. Since both of these 
approaches have been made in this investigation, rather than only one, 
the indicator significance of the plants and plant communities were evalu-
ated on the basis of certain habitat factors quantitatively determined. 
It is often possible to learn almost as much from the absence of a 
plant or plant community from a site as from its presence there. In gen-
eral, plants with exacting requirements are more specific indicators than 
casual, weedy plants which will grow almost any place. The chief value, 
as indicators, of weeds and other "flexible" plants is that their presence is 
evidence that the site is unfavorable for the growth of plants of more 
exacting habitat requirements. It is evident, therefore, that well estab-
lished plant communities are more reliable as specific indicators than 
weedy or other temporary plant communities. 
Weed communities, wherever they occur, indicate a partial or total 
removal of the previous plant cover. The type of weed which occurs may 
tell something as to the nature of the soil, the water available to plant 
development, and something of the available nutrient supply. On eroded 
soils the weeds which occurred, or at least the dominant ones, were differ-
ent from those which were dominant on moderately fertile soils. In the 
latter case, pigweed, lambs quarters, crabgrass, foxtail, large ragweed, 
velvet leaf, flower of an hour, horse weed, and common milkweed were 
frequent weeds. On eroded soils, bracted plantain, three-awn grass, rag-
weed, poverty oat grass, ticklegrass, red sorrel, cinquefoil, and daisy flea-
bane were commonly found. The successional relationship of these weeds 
to higher plant communities is shown in Figure 10. 
The weed community in which bracted plantain was dominant indi-
cated severe conditions of drouth in summer with very little available 
moisture in the surface layer of the soil (Fig. 7). Temperature extremes 
were great because little protection was afforded the soil by the sparse 
plant cover. In southern Iowa the persistence of this community usually 
indicates a compacted, exposed B horizon in which active sheet erosion 
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is proceeding. Infiltration rate was slow, and, on slopes, the amount of 
water absorption was very low. 
Bracted plantain is a winter annual the seeds of which germinate in 
the fall. Occasionally the seedlings were so numerous that a grass-like 
mat was formed. In the spring the plants grew rapidly and fruited by the 
end of June or earlier if available moisture became deficient. Thus, this 
plant made its growth when available moisture was present and escaped 
the frequent drouths which occur in summer on eroded soils. The march 
of available moisture in the surface 6 inches under a bracted plantain 
cover through most of the 1938 and the 1939 growing seasons is shown in 
Figure 6. Areas in which bracted plantain remained dominant but one 
season, giving way to plants higher in the succession, indicate a deeper 
soil and more favorable moisture relationships. 
Ragweed, often dominant in the late weed stage, also indicates dis-
turbed soil conditions. Where it formed a dense cover on plowed fields, 
the plowing had probably been done during the first half of the growing 
season. If eroded soil was plowed later in the season bracted plantain 
became dominant during the fall and following spring. Ragweed was 
abundant in heavily grazed pastures, becoming conspicuous in August 
or September. It is a summer annual which starts growth in late spring, 
endures the heat and drouth of the summer, and fruits in the fall. During 
drY periods growth was almost halted and the lower leaves dropped off. 
The size of the ragweed plant is a good indication of the available mois-
ture present in the surface soil as well as of available nutrients. Its size 
may be two or three times as great on a plowed furrow as on adjacent less 
disturbed soil. Increased ease of root penetration in the more porous soil 
and more available moisture and nutrients because of lack of competi-
tion from other plants may be chiefly responsible for this. Stunted plants 
of ragweed were found even in heavy bluegrass sod. They remained 
stunted where grazing was not heavy but made better growth where the 
bluegrass was closely grazed. 
Three-awn grass, two species of which were found in this study, was 
present particularly in the early and the late weed stages. In pure stands 
it usually indicates an exposed B horizon of low carbon content in which 
sheet or gully erosion is accelerated. This grass develops very rapidly, 
requiring only 6-8 weeks to mature. The seed, which is produced in mid-
summer when moisture becomes deficient, lies dormant until the follow-
ing spring. 
Ticklegrass formed small bunches on eroded heavy clay. It was asso-
ciated with low carbon content of the soil, and poor aeration. Rush indi-
cated similar conditions and a waterlogged soil during a part of the grow-
ing season. It was found in seepage spots and along paths where competi-
tion with other species was reduced by trampling. Daisy fleabane is a 
summer annual which becomes conspicuous in June when white flowers 
are produced. It occurred on shallow, eroded soils of high acidity. Red 
sorrel and cinquefoil also indicate an eroded soil, poor in organic matter ' 
and highly acid. The perennial forb stage in which aster and goldenrod 
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were dominant indicates eroded soil, usually of poor structure which has 
not been greatly disturbed for 2 years or more. It indicates more available 
water and nutrients .than where the weed stages persist. 
The small leaved, trailing wild bean, Strophostyles pauciflora, was 
found under xeric conditions on· strongly acid soils. The larger leaved 
species, Strophostyles helvola, was found on less eroded sites where the 
soil was more moist and fertile. Partridge pea formed dense stands on 
eroded heavy clay where moisture was abundant. Pure stands were ob-
served in roadsides where the topsoil had been removed. Nodules were 
numerous on roots of all three of these species. It is suggested that these 
plants may be valuable as green manure crops on acid, eroded soils. 
Sweet clover is a biennial legume which may indicate available cal-
cium in the soil. It grows fairly well on exposed calcareous subsoils. In 
the basin-listed experiment sweet clover was found most frequently on 
the walls or edges of the basins. In the basin bottoms where water stood 
after rains, redtop became the dominant plant. 
Redtop indicates soil of low carbon content in which a relatively high 
percentage of available moisture is present during much of the growing 
season. This grass grew well in the bottoms of gullies and on outwash from 
eroded areas . The plants were able to adjust to alluvial deposits on top of 
them. The rather coarse redtop sod thickens and spreads by means of the 
vigorous rhizomes as well as by seed. 
The presence of Canada bluegrass in abundance indicates low avail-
able moisture in the soil during certain periods and a lower level of fer-
tility than normally found under Kentucky bluegrass. It formed a less 
dense sod than did Kentucky bluegrass. The flower stalks were more 
widely spaced and had fewer and shorter leaves. During a drouth the 
leaf blades dropped off and the dried sheaths were left clinging to the 
dark green, somewhat flattened stems. In this way Canada bluegrass was 
able to survive drouth conditions under which Kentucky bluegrass turned 
brown and died back to the soil level, but could not compete with Ken-
tucky bluegrass under more favorable conditions. 
A dense Kentucky bluegrass cover indicates the presence of at least 
pa~t of the A horizon, a moderate carbon content, and available soil mois-
ture during nearly all of the growing season. Its fine rhizomes form a 
solid, compact sod which strongly resists erosion. It grows rapidly in 
early spring and late fall ;:it temperatures below the minimum for most 
other grasses. Bluegrass may indicate a moderately productive soil for 
field crops, provided the slope is such that excessive erosion will not occur 
when the sod is broken. 
Smooth sumac is a rather hardy shrub which spreads by means of seed 
and root sprouts. Its presence indicates a well drained, usually somewhat 
eroded soil. Coral-berry, locally called "buckbrush," is somewl}at less 
xeric than the sumac. It is the most common shrub of southeastern Iowa. 
It invades cut over wooded areas and pastures and becomes a serio~s 
pest. It is a forest site indicator. Its presence indicates that at least some 
of the A horizon remains and that available water is present during most 
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of the growing season. Hazel is also a forest indicator. It indicates a more 
uniform moisture supply and a deeper, more fertile soil profile than the 
coral-berry. Of the forest species, black oak and shingle oak indicate a 
lower water supply than do white oak or shag-bark hickory. The former 
are often found on exposed southward or westward' slopes. The presence 
of sugar maple and linden indicate the most mesic conditions of the region 
which are usually found only on protected northward or eastward slopes. 
The soil is usually little disturbed by erosion. The profile is well-devel-
oped, representative of the graybrown podsolic group. 
In any stage the history of the succession may often be determined by 
the use of "relic" species, in addition to the condition of the soil surface 
and the amount of observable erosion. In many sites species of an ad-
vanced stage were present on hummocks of deeper soil while the rest of 
the soil was being eroded rapidly and occupied by a species of a lower 
stage. The species on the hummocks represented relics. of advanced stages 
which were no longer dominant because of erosion. 
SUMMARY 
1. The relation of plant cover to certain growth conditions on eroded 
soils of southeastern Iowa was investigated by utilizing two methods of 
approach. In the first, the relation of the plant cover changes to the con-
ditions of the habitat was studied on one site where factor change was 
accelerated by basin-listing. In the second, this relation was studied in a 
series of plant communities representing stages in the secondary plant 
succession. 
2. The basin-listed area was in the early weed stage in 1935 and was 
bare of vegetation in 1936 following the basin-lister operation. In 1937 it 
had a cover of bracted plantain and ragweed (combined weed stage), in 
1938 a cover of goldenrod, aster, and sweet clover (perennial forb stage), 
and in 1939 and 1940 a dense cover of redtop (early grass stage). The 
evidently accelerated rate of plant succession was attributed to the great 
increase in the moisture supply available to the plants, the temporary 
increase in porosity, the arresting of erosion resulting from the basin-
listing, and to the planting of sweet clover and redtop on the area. 
3. The marked increase in soil moisture was evident from the fact that 
the available . moisture, although fluctuating greatly in the surface 6 
inches, was below the wilting ppint only twice in the basin listed area. In 
an adjacent comparable area, not so treated, the soil was below the wilt-
ing per cent during most of the growing season. This area supported only 
plants of the weed and perennial forb stages. 
4. Depth of percolation of water was approximately three times as 
great in tlie basin listed area as in a comparable eroded Lindley loam 
area without basin-lister treatment. 
5. The utilization of structures controlling runoff and erosion and 
the planting of adapted grasses and legumes would seem to be effective 
means of accelerating successional change on eroded soils in southern 
Iowa. 
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6. Plant communities representing the following stages were studied: 
early weed, late weed, perennial forb, early grass, Kentucky bluegrass, 
sumac shrub, and oak-hickory forest. The relation of these as stages of 
secondary succession on eroded soil were diagramed for xeric and mesic 
sites. 
7. There was a gradual increase in basal area of the vegetation from 
the lower to the higher stages of the succession. 
8. Root studies indicated that in all except the forest stage, 75-80 per 
cent of the roots in the surface foot were in the surface 3 inches. The 
volume of roots increased from the early weed to the higher stages in the 
succession. The ratio of roots to tops were significantly higher in the ad-
vanced stages of the succession than in the weed stages. 
9. Non-capillary porosity was generally higher and volume-weight 
lower in the soil under the advanced plant cover types than under the 
weedy types. A high correlation (-.978) was found between volume-
weight determinations and total porosity of the same samples. A lo\\rer 
correlation (-.790) was found between volume-weight and non-capillary 
porosity. The former was considered to be a good measurement of soil 
structure as related to plant development because of its relationship to 
percolation rate and soil aeration. 
10. Runoff percentages tended to be lower and depth of penetration 
higher as the stages of the succession approached the climax. 
11. A new method of measuring rate of percolation in soil auger holes 
is presented. Very low percolation rates were found at a depth of 2 feet 
in soils supporting only the lower stages of the succession. Higher rates 
were found under Kentucky bluegrass, sumac shrub, and oak-hickory for-
est communities. 
12. Profile studies on the various sites showing differences in soil 
properties were largely confined to the surface layers. Available moisture 
in the profiles, particularly in the surface 6 inches, was consistently low-
est in the weed stages, intermediate in the late grass stage (Kentucky 
bluegrass) and highest in the oak-hickory forest stage. Only in winter 
and early spring was there any amount of available moisture in the sur-
face layers of the early weed stage. . 
13. The indicator value of certain species and communities is dis-
cussed. The· continued presence of the early weed stage with the domi-
nance of bracted plantain, a winter annual, indicated little available mois-
ture in the surface 6 inches during the summer. The dominance of rag-
weed indicated soil disturbances resulting in bare areas during the first 
half of the growing season. Aster and goldenrod (perennial for b stage) 
indicated more available moisture than under communities in which 
bracted plantain was dominant. Red top (early grass stage, mesic) indi-
cated a soil of low carbon content in which a relatively high percentage of 
available moisture was present such as in the bottoms of the basins or 
gullies. The dominance of Canada bluegrass (early grass stage, xeric) 
was associated with low available soil moisture during certain periods of 
the growing season and a lower carbon content than was found under 
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Kentucky blu~grass. The presence of sumac indicated a rather porous 
well drained soil of low to moderate carbon content. 
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THE SEPARATION OF COPPER FROM TIN BY ELECTRODEPO-
SITION WITH GRADED CATHODE POTENTIAL CONTROL. 
THE DIRECT DETERMINATION OF COPPER IN BRONZE1 
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Received August 20,· 1945 
In testing the automatic apparatus recently described by Caldwell, 
Parker and Diehl (4) for effecting separations by electrodeposition with 
graded cathode potential control, erratic results were obtained in the 
separation of copper from tin in a hydrochloric acid solution using hy-
droxylammonium chloride as anodic depolarizer. The literature on this 
particular graded cathode potential separation is rather scanty, being 
limited to two papers, that of Schoch and Brown (14) who first carried 
out the separation under these conditions, and that of Torrance (15) who 
applied it to the direct determination of copper in bronze, using, however, 
hydrazonium chloride rather than hydroxylammonium chloride. Our 
own results have been so decidedly contrary to the work of these investi-
gators, and the direct determination of copper in the presence of tin is of 
such potential importance to those engaged in the analysis of brass that 
the subject merited a detailed study. 
COMPLEXITY OF ELECTROCHEMISTRY INVOLVED 
ANODIC REOXIDATION OF COPPER 
The encouraging feature of our earlier results lay in the fact that 
occasionally entirely satisfactory results in the determination of copper 
were obtained so that it appeared a rather routine matter to determine 
which of the various factors involved in the electrolysis needed more pre-
cise control. The concentration of hydrochloric acid was found to have 
little effect on the separation. It was varied from that needed to just pre-
vent precipitation of the hydroxides to a concentration of 20 ml. per 100 ml. 
of solution; sometimes excellent and sometimes poor results were obtained 
for copper. The amount of hydroxylammonium chloride was also found 
to be of no importance as long as the amount was above 2 g.; the addition 
of as much as 20 g. had no beneficial effect. The temperature of the solu-
tion did not appear to be of importance; both satisfactory and unsatisfac-
tory results were obtained at various temperatures from 20° to 70°. The 
concentration of copper in the solution was found to have some influence, 
satisfactory results being obtained more frequently from solutions in 
which no more than 0.4 g. of copper were present per 100 ml. Trouble 
was frequently experienced in getting the copper to begin to deposit and 
' A portion of the material p;esented in this paper was taken from the M. S. thesis 
of Mr. Brouns, Iowa State College Library, 1944. 
' Present address: Cardox Corporation, Clar emore, Oklahoma. 
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occasionally, after having once started, the deposition would stop and 
the copper redissolve. Frequently also the deposit was contaminated with 
appreciable amounts of tin. 
It was discovered finally that the governing factors in the separation 
were the value of the initial cathode voltage, the total chloride concentra-
tion, and the amount of tin present. · A high initial current and cathode 
voltage was essential in initiating and maintaining the deposition; a high 
chloride ion concentration, at least one molar, was necessary to insure a 
clean cut separation; and curiously enough, the more tin present the more 
smoothly the deposition proceeded. Schoch and Brown (14) reported 
similar troubles with the frequent failure of copper to plate from chloride 
solutions and attributed the difficulty to the introduction of an excess of 
nitric acid during the process of dissolving the metal. They favored the 
introduction of reducing agents, especially hydroxylammonium chloride 
but in any case used a lower chloride concentration and a lower current 
and cathode voltage than we now know to be necessary. Torrance (15) 
employed an initial current of three to four amperes and consequently 
an appreciable higher initial cathode voltage than either Schoch and 
Brown or ourselves. Even employing a higher initial current, however, 
our results on bronze, following exactly the method of Torrance and 
using either hydrazonium or hydroxylammonium salts as anodic de-
polarizer, were quite poor; for example, on Bureau of Standards Sample 
No. 52 we obtained 88.82, 87.97, 87.62, 88.17, 88.20 per cent copper plus 
antimony whereas the certificate value is 88.49 per cent. From a higher 
chloride concentration and especially with the addition of more tin the 
results were entirely satisfactory (Table 1). 
In seeking the explanation of these influences on the separation of 
copper from tin a few observations of the behavior of the system during 
the electrolysis are of interest. Unlike the electrodeposition of copper 
from a sulfate-nitrate solution from which the copper is apparently de-
posited directly from the cupric state, the deposition of copper from a 
chloride solution is essentially a two step process, the copper first ·being 
reduced to the cuprous state. This reduction takes place almost com-
pletely before the deposition of metallic copper begins as is evidenced 
by the almost complete disappearance of the blue color of the cupric ion. 
This is due, of course, to the formation_ of the very stable complex iOns 
CuCl2- and CuCl3= . The blue color never disappears completely from the 
solution. In fact, if the copper is reduced completely to the cuprous state, 
prior to the electrolysis, the colorless solution quickly becomes blue when 
the electrolysis is started. .The deposition of metallic copper from the 
solution of the chlorocuprous ion begins immediately but even from such 
a solution there is no assurance that the copper will be deposited com-
pletely. Often the deposition of copper will begin, proceed for a time and 
then the copper will dissolve away. Apparently the cuprous copper is 
undergoing oxidation at the anode, a process facilitated by the negative 
character of the chlorocuprous ions. The cupric ion then reacts with 
the copper deposited on the cathode to dissolve it: 
Cu+-> + Cu0 + 4 Cl- = 2 CuCk 
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The complete deposition of copper at the cathode is thus contingent on 
the absence of cupric ions, a condition about which there can be no cer-
tainty since oxidation at the anode can occur as easily as reduction to the 
metal at the cathode. Stannous tin present is oxidized at the anode in 
preference to cuprous copper. In the presence of sufficient tin, the reduc-
tion of the cupric copper to the cuprous state proceeds rapidly and is 
complete before or shortly after the deposition of copper begins; if the 
copper has oeen reduced prior to the electrolysis no blue color appears 
on electrolyzing. Thus, no cupric ions are formed during the deposition 
and the deposition proceeds to completion. Obviously the more stannous 
tin present the less the chance for cupric copper to be formed' at the anode. 
In these experiments it was found that the preliminary reduction of 
copper to the cuprous state was accomplished readily by carefully neu-
tralizing with ammonia a solution of cupric chloride containing hydroxyl-
ammonium chloride. About at the point where the metal hydroxides be-
gan to precipitate, a vigorous evolution of gas occurred owing to the oxi-
dation of the hydroxylamine by the cupric ion; within a very short time 
the entire mass turned to a white or light gray. The solution could then 
be acidified by the addition of hydrochloric acid to yield a colorless 
solution, in which the absence of any blue color indicated that the reduc-
tion to the cuprous state was complete. Reduction of the copper by hy-
droxylammonium chloride in hot acid solution was found unsatisfactory 
since it led to a dark brown, turbid solution of uncertain composition. As 
mentioned above, however, preliminary reduction of the copper to the 
cuprous state is of no avail unless sufficient stannous tin is present to • 
forestall anodic reoxidation of the cuprous copper. 
The effect of the high initial cathode voltage is undoubtedly that of 
causing a part of the cuprous chloride formed at the cathode to be im-
mediately further reduced to the metal; if more than half of the cupric 
copper reduced to the cuprous state were instantly deposited as the 
metal, the deposition of the metal would ultimately be complete irre-
spective of the anodic reoxidation of the chlorocuprous ion and the solvent 
action of the cupric ion on the metallic deposit. This view is supported by 
the electrode potential calculations of the next section which also ad-
vances an explanation for the beneficial effect of large amounts of chloride. 
That cupric ions in hydrochloric acid solution will dissolve metallic 
copper is easily shown by experiment. The high rate of dissolution is 
quite astonishing. Indeed, this very reaction is used for the preparation 
of cuprous chloride. 
CALCULATIONS BASED ON ELECTROCHEMICAL 
DATA ALREADY AVAILABLE 
The constants for the reactions involved in the electrolysis of hydro-
chloric acid solutions of copper and tin can be calculated from electro-
chemical data already in the literature, although this has not previously 
been done. 
The most recent study of the equilibrium of the cupric copper and 
metallic copper is that of Fenwick (7) who found for sulfate and perchlor-
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ate solutions the standard electrode potentials for the following couples 
to be Cu+, Cu0 (E0 = +o.522) and Cu+>, Cu+ (Eo = +0.167); and for the 
reaction 
Cu++ + Cu0 = 2 Cu+ 
the constant 
[Cu+] 2 
K = = lxl0-6 [Cu++] 
Considering the value of the couple Cu++, Cu0 (E0 = +0.3448) (10) 
it will be seen that in a sulfate solution the electrolysis should proceed 
from the cupric state directly to metallic copper, any cuprous ion formed 
passing immediately to the metal. In the presence of chloride the reduc-
tion proceeds first to the cuprous state owing to the enormous reduction 
of the concentration of the cuprous ion by the formation of a chlorocup-
rous ion, either 
Cu+ + 2 Cl- = CuCk, or 
Cu+ + 3 Cl- = CuC13= 
According to Bodlander and Storbeck (3) the CuCk ion is present in 
solutions of chloride concentration up to 0.4 Mand the CuC13= ion above 
0.4 M. From various data which he assembled, Latimer (9) has calcula-
ted the eonstant for the dissociation 
CuCk = Cu' + 2 Cl- K = 2.9x 10-0 
• from which in turn he calculated the normal electrode potential for the 
reaction 
CuCk + e- = Cu0 + 2 Cl- Eo = +o.19 
It was assumed that the ion present was CuCk. Using the data of Bod-
lander and Storbeck (3) for the solubility of cuprous chloride in 1 M 
potassium chloride, a chloride concentration more nearly resembling our 
experimental conditions, and the solubility product of cuprous chloride, 
1.85 x 10-1 , the constants were calculated for the reactions 
CuC13= =Cu++ 3 Cl-
CuCl3= + e- = Cu0 + 3 Cl-
K = 1.23 x 10-s 
Eo = +o.178 
Using the couples Cu++, Cu0 (Eo = +0.3448) and CuCk, Cu0 (E0 
+0.19) the standard potential was calculated for the reaction: 
Cu++ + 2 Cl- + e- = CuCk 
and similarly 
Cu+++ 3Cl- + e- = CuC13= 
Eo = +o.50 
Eo = + 0.51 
Thus it is readily apparent why the reduction of cupric chloride in chloride 
solutions goes stepwise with complete reduction to the cuprous state as 
the first step, irrespective of whether the complex ion present is CuCk 
or CuCl3 = or both simultaneously as discussed in a more complicated . 
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treatment by Chang and Cha (5) of the solubility of cuprous chloride in 
hydrochloric acid solutions. 
By combining the standard electrode potentials of the couples Cu++, 
CuC13= (E0 = + 0.51) and CuC13= , Cu0 (Eo = + 0.178) the equilibrium 
constant was calculated for the reaCtion. 
Cu•• + Cu0 + 6 Cl- = 2 CuC13= K= 4x105 
Thus, it appears that the reaction of cupric ions and metallic copper will 
proceed completely, lending support to the hypothesis advanced above 
that cupric ions formed by anodic oxidation were dissolving the metallic 
copper plated on the cathode. 
In hydrochloric acid solutions tin also exists in the form of complex 
ions. In the case of stannous chloride there are present apparently all of 
the substances: Sn++, SnCl•, SnCb, SnC13- , SnCl~=, and possibly SnC15= 
and SnCio-4 • From measurements of the potential tin toward 0.01 M 
stannous chloride solutions containing varying amounts of chloride ion, 
Prytz (12) has calculated the dissociation constants for these complex ions 
and the fraction of tin present in each complex ion at various chloride 
concentrations. The evidence indicates that the various constants are 
similar in magnitude and that appreciable amounts of each ion are present 
at a given chloride concentration. Of more importance for our purpose 
is the observation of Prytz, confirmed by Allison, Hartung and Heymann 
(1) , that for a given chloride concentration the potential of the stannous 
chloride-tin electrode conforms to the Nernst equation, that is, the slope 
dE 
----has a constant value of 0.029 and is independent of the chloride 
dlog Csn 
concentration. The value of E 0 varies with the chloride concentration, de-
parting widely from the value - 0.136 usually given for the Sn++, Sn° po-
tential (determined in a stannous perchlorate solution in which complex 
ions are known to be absent). There is a little discrepancy between the 
values reported by Prytz and by Allison, Hartung and Heymann but a 
good average value would be 
Sn++, Sn° (1 M HCl) E 0 = - 0.19 
Turning now to the relative ease of reduction in hydrochloric acid 
solution of the chlorocuprous ion (CuC13 =) and the chlorostannous ion 
(at least four complex ions simultaneously present), we have the follow-
ing equations: 
CuC13= Eau = E0 + 0.059 log E0 = +0.178 (Cl-):{ 
Esn = Eo + 0.029 log Csn E0 = -0.19 
Considering a residual concentration of the chlorocuprous ion of 10-6 M 
(0.00006 g. of Cu per liter) to be a satisfactorily complete deposition, the 
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cathode voltage at the end of the electrolysis in a 1 M chloride solution 
should be 
E cu = +0.178 + 0.059 log 10-0 = -0.17 
or against the saturated calomel electrode, -0.41. There is thus good 
agreement between the calculated value of the limited voltage required 
and the value determined empirically. It is now apparent why a high 
chloride concentration is desirable. Assuming the tin has a concentration 
of 0.1 M (a value greater than would be encountered in analytical work) 
and assuming the standard electrode potential of tin to be that usually 
given (- 0.136), tin should plate at a potential of -0.165 (-0.411 against 
the saturated calomel electrode) and a separation could probably not be 
obtained. On the other hand in a 1 M hydrochloric' acid solution (E0 = 
-0.19), the deposition would begin at -0.22 (-0.47 against the saturated 
calomel electrode) allowing ample potential difference to effect a clean-
cut separation. 
The chemical nature of hydrochloric acid solutions of stannic tin is 
not known. Unquestionably the tin is present in the form of a chlorostan-
nic ion but the formulas of the ions involved and their associated equilibri-
um constants have not been settled. Huey and Tartar (8) have determined 
the standard electrode potential of the Sn++++, Sn++ couple in hydrochloric 
acid solution to be +0.154. This value was obtained by the extrapolation 
to zero acidity of values found at concentrations of 0.4 to 2.0 M hydro-
chloric acid. For the problem being considered it appears better to em-
ploy a value of about + 0.14, this being an average 'Value of the potential 
over the range 0.5- to 1.2 M hydrochloric acid. 
Comparing the values of the couples Sn++++, Sn++ (HCl) (Eo = +0.14) 
and Cu++, CuC13 - (Eo = +0.51), it is apparent that stannous ions will be 
oxidized preferentially to the chlorocuprous ions and, for practical pur-
poses, completely before any of the latter would be oxidized. This supports 
the explanation advanced earlier to account for the beneficial effect of 
tin on the separation. 
It becomes pertinent now to ask if stannic tin in hydrochloric acid 
solution might not also dissolve metallic copper. By combining the stan-
dard electrode potentials of the couples Sn++++, Sn++ (1 M HCl) (E0 = 
+0.14) and CuC13= , Cu0 (E0 = +0.178) the equilibrium constant was 
calculated for the reaction 
Sn++++ + 2 Cu0 + 6 Cl- = Sn++ + 2 CuCla= K = 4x10-2 
Thus, it appears that the reaction of stannic tin to dissolve metallic copper 
in hydrochloric acid solution will proceed to some extent. In an actual 
electrolysis, however, cathodic reduction of stannic tin to stannous will 
take place before the reduction of the stannic tin by the copper on the 
cathode. Indeed the cathodic reduction of the stannic tin will occur con-
currently with the deposition of copper from the chlorocuprous ions, the 
molar potentials involved lying sufficiently close together, [ (CuC13= , Cu0 
(Eu=+ 0.178) and Sn<+++, Sn++ (E0 = + 0.14) ], so that the reactions oc-
curring will depend on the concentrations involved. 
SEPARATION OF COPPER FROM TIN 161 
The situation is thus ideally arranged for the deposition of copper if 
sufficient stannous tin be present. With only a little or no tin present 
there is no assurance that the deposition of copper will be complete. 
METIIODS OF AVOIDING ANODIC REOXIDATION 
From a practical viewpoint it is of considerable importance that any 
anodic reoxidation of cuprous copper be kept at a minimum both to insure 
the quantitative deposition of the copper at the cathode and to obtain as 
high a current efficiency as possible to minimize the time required for the 
deposition. The ways of reducing or eliminating the anodic oxidation of 
the chlorocuprous ion are: (1) the use of reducing agents which will be 
oxidized in preference to the chlorocuprous ions; (2) increasing the initial 
cathode voltage to a value sufficient to instantly reduce to metallic copper 
more than half of the chlorocuprous ions formed before the latter have been 
stirred away from the immediate vicinity of the cathode; (3) isolation of 
the anode by means of a membrane or porous cup; ( 4) reduction of the 
anode potential to a value which will not oxidize the chlorocuprous ion. 
1. Use of Reducing Agents. As pointed out above the addition of 
more tin to the copper-tin mixture being analyzed is a positive way of 
insuring the quantitative deposition of the copper. Obviously, however, 
if the tin is to be determined subsequently, this is not an entirely desir-
able procedure. Extra weighings are involved and the tin determination 
made by difference from the total must necessarily be somewhat less accu-
rate. Other equally satisfactory reducing agents might be found. Prefer-
ably the reducing agent should be strong enough to reduce the copper to 
the chlorocuprous ion immediately so that a smaller quantity of electricity 
and a shorter time will be required to deposit the copper. Sufficient re-
ducing agent should be added to reduce the copper to the cuprous state 
and also to furnish material for the anode reaction throughout the elec-
trolysis. 
Hydroxylammonium chloride and hydrazonium chloride were found 
to be too weak. Hypophosphorous acid was very effective but the results 
obtained for copper were high. The deposits blackened badly on expos-
ure to air and were obviously impure. Phosphine was evolved toward the 
end of the deposition and although it was found that ammonium nitrate 
prevented the evolution of phosphine, it is believed that some reduced 
form of phosphorus was present in the deposit. 
Titanous or chromous chlorid'e might be used for this purpose but 
the inconvenience of their preparation militates against their use. An 
attempt to use titanium hydride, first advocated by Alter and Crouthamel 
(2), as a reducing agent in analytical chemistry to effect the reduction 
failed because the copper was reduced to the metal as the hydride dis-
solved. 
2. Application of a High Initial Cathode Voltage. The combination of 
an effective reducing agent and a high initial cathode voltage guarantees 
satisfactory results for copper. The cathode voltage, consisting of the sum 
of the reversible voltage and the polarization, can be altered considerably 
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without difficulty since the polarization depends on the effectiveness of 
the stirring and on the current density. The polarization can be appre-
ciably raised by decreasing the stirring but this is not a safe procedure as 
the copper deposit becomes porous and impure and the separation from 
tin fails. Increasing the current density is entirely permissible as long as 
the deposit remains satisfactory. Fortunately the requisite cathode volt-
age can be secured in the electrolyte recommended without passing a cur-
rent high enough to cause the deposit of copper to be poor. Using a gauze 
cathode, 5 cm. in height, 4.5 cm. in diameter, and 17.7 mesh per cm. of 
wire 0.0216 cm. in diameter, and a similar anode 1.4 cm. in diameter, ro-
tating about 800 r.p.m., the application of 3.5 v. to the cathode and anode 
caused a current of 4.0 amp. to flow. If the copper was all reduced initially 
to the chlorocuprous ion, deposition began immediately and shortly after 
the electrode had become plated with copper the cathode-calomel voltage 
was 0.339. If the copper was not reduced prior to the electrolysis a short 
period elapsed before the deposition began during which the bare platinum 
cathode-calomel potential increased from +0.112 v. to -0.20 v. when the 
copper began to deposit. Using the couple CuC13=, Cu0 (E0 = +o.178), 
this potential corresponds to a concentration of cuprous copper of 4 x 10-3 • 
This value is not particularly significant since it represents the condition 
in the boundary layer rather than in the solution as a whole. 
At various stages of one electrolysis the current was turned off, the 
stirring continued and the cathode-calomel voltage measured. Assuming 
this to be the reversible cathode voltage, true probably to within a few 
millivolts, the polarization (copper on copper) was calculated. 
Current Cathode-Calomel Voltage Polarization 
Amp. Current On Current Off Volt 
4 .4 0.339 0 .152 0.187 
1.6 .388 .250 .138 
1.0 .388 .263 .125 
0.50 .388 .288 .100 
0 .17 .388 .320 .068 
The interest in this resides in the insight it provides into the mechanism 
whereby graded cathode potential separations function. The cathode volt-
age is subject to two opposing influences during the electrolysis. It in-
creases (becomes more negative toward the calomel electrode) owing to 
the removal of copper ions from the solution. Each time the current is 
decreased (manually or automatically by the apparatus of Caldwell, 
Parker and Diehl) the cathode voltage decreases owing to the variation 
of the polarization with current. These processes go on until the current 
is reduced to a very low value and the polarization has been greatly re-
duced. At first sight it would appear that. the polarization at the end of 
the electrolysis, having 1i relatively high value of about 0.07 v., should be 
taken into consideration in calculating the voltage to which the cathode 
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potential should be limited. Actually, however, this is not the case since 
we are interested primarily in what occurs at the cathode during the 
electrolysis and rely on the stirring to bring to the electrode all of the 
metal ions. 
3. Use of a Porous Membrane. The use of a porous membrane in 
analytical work to isolate the anode from the solution from which a metal 
is being deposited is not new. Sand (13) employed a parchment membrane 
for the purpose, flushing the entire anolyte into the catholyte toward the 
end of the electrolysis. More recently Clarke, Wooten and Luke (6) used 
porous alundum thimbles in the design of an apparatus for internal elec-
trolysis. The latter type of diaphragm appeared particularly suitable as it 
appeared possibloe that the diffusion of copper through the alundum shell 
might be negligible. This was not the case, however, and although we did 
not succeed in designing a satisfactory apparatus employing a membrane 
we report our work in some detail to prevent others from repeating our 
failure. 
The apparatus used is shown in Fig. 1. The alundum thimble, 2 x 19 
cm. in size, was of medium porosity, model RA-84 of the Norton Company. 
With a 25 cm. head of water, about 2 ml. per minute of water diffused 
through the thimble. The thimble was connected to a reservoir containing 
the anolyte, a solution containing 5 ml. of hydrochloric acid and 4 g. of 
hydroxylammonium chloride per 100 ml. The platinum gauze anode was 
placed inside the thimble with a platinum wire leading out through the 
top of the reservoir to the electrical contact. A platinum gauze cathode 
was placed symmetrically around this anode and a good paddle stirrer 
was placed below the electrodes. The catholyte contained about 10 ml. of 
hydrochloric acid in 150 ml. of solution and hydroxylammonium chloride 
was added in only a few of the determinations made. The volume of solu-
tion increased to over 200 ml. during the course of an analysis owing to 
the passage of anolyte through the alundum shell because of the 25 cm. 
head. In all cases the solution first became colorless, indicating reduction 
to the cuprous state, and then the copper was deposited at the cathode. 
About 3 or 4 minutes elapsed before the copper began to plate. The 
deposition was complete within 30 minutes. The deposition of the copper 
was quantitative but the deposits had a great tendency to darken on ex-
posure to air. The separation of copper from tin, however, was not satis-
factory either at a limited potential of - 0.40 v. or at the lower value of 
-0.35 v. The difficulty obviously lay in the ineffectiveness of the stirring 
which was largely up and down parallel to the gauze electrode rather than 
through the mesh of the electrode. 
In order to improve the stirring efficiency, the apparatus of Fig. 2 
was designed. The lead to the anode was brought in through the bottom 
of the beaker thus permitting the use of a stirrer which straddled the 
membrane. A length of glass tubing was sealed into the bottom of a 300 ml. 
tall form beaker in such a way that a cylindrical porous thimble (open at 
both ends) could be mounted on a rubber stopper. A reservoir contain-
ing the anolyte was attached and electrical contact to the anode was made 
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through the reservoir. The beaker was raised into position around the 
cathode and stirrer. The stirring efficiency obtained with this apparatus 
was exceptionally high but was obtained at the expense of the continuous 
flushing of the anode compartment obtained in the apparatus of Fig. 1. It 
was soon found that considerable copper was lost through the diaphragm, 
even though the anode compartment was frequently flushed out by raising 
the reservoir and causing the thimble to overflow. Trouble was also ex-
I 
lo 
1, 
Colome/ 
Eleclrode 
Pulley 
Propeller 
Shrrer 
FIG. 1. Electrodeposition apparatus using a dia-
phragm with continuous flushing. 
perienced in the depletion of the depolarizer in the relatively small volume 
of the anolyte and the subsequent attack of the anode leading to deposi-
tion of platinum on the cathode. The results obtained with this apparatus 
were erratic in character and generally low although the separation of 
copper from tin was satisfactory. 
Work with a diaphragm was given up because it was felt that the 
apparatus was getting needlessly complex. A sm;ple diaphragm apparatus 
which would permit continuous flushing of the anolyte into the catholyte 
and allow vigorous stirring would, however, be advantageous in speeding 
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up the electrolysis since a very high current efficiency, at least 95 per cent, 
can be obtained. 
4. Use of a Silver Anode. Lingane (11) used a silver anode to prevent 
the anodic oxidation of bismuth in an acid tartrate solution, using enough 
chloride to obtain a layer of silver chloride on the anode. He pointed o~t 
that the oxidation potential of the silver chloride electrode is about a volt 
less positive than that of the platinum-oxygen electrode. 
Colome/ 
Eleclrcxle 
Frc. 2. Electrodeposition apparatus using a dia-
phragm with intermittent flushing. 
As the standard electrode potentia1 of the silver-silver chloride elec-
trode is + 0.22 v., it is apparent that oxidation of the chlorocuprous ion 
will not occur because the potential of the couple Cu++, CuC13= is + 0.51 v. 
As an amount of silver chloride will be formed equivalent to the metal 
deposited and as the amount of copper is large, 0.3 to 1.0 g., it is apparent 
that a large surface area of silver is needed. 
A cylindrical silver foil 4.5 cm. in height and 6.5 cm. in diameter was 
used as anode, being placed concentrically about the usual platinum 
cathode. Vigorous stirring was supplied by a rotating platinum gauze 
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placed at the center. The electrolyte was prepared by dissolving 0.5 g. of 
copper in 10 ml. of hydrochloric acid with the addition of a little nitric 
acid. After dilution the copper was reduced by the addition of hydroxyl-
ammonium chloride and careful neutralization with-ammonia as described 
earlier . The precipitate of cuprous hydroxide was then dissolved in hy-
drochloric acid and 10 ml. of hydrochloric acid in excess added. It was 
observed that the deposition of copper began at a lower applied voltage 
(cathode-anode voltage) than with the usual platinum anode and that no 
reoxidation of copper occurred as indicated by the absence of any blue 
color. Some silver was found in the copper deposit, however, and the 
silver chloride formed flaked off the anode and either settled to the bottom 
or became lodged in the mesh of the platinum cathode. The tendency of 
the silver chloride to fall from the electrode could not be overcome by 
thorough preliminary cleaning or by modifying the rate of stirring. 
The solubility of silver chloride in hydrochloric acid of the concentra-
tion used, coupled with the large amount of silver chloride formed, alters 
the problem considerably from that of Lingane who worked in solutions 
containing only a small amount of chloride and relatively little metal. 
THE DIRECT DETERMINATION OF COPPER IN BRONZE 
As a result of the above work a procedure was finally evolved for the 
separation of copper from tin and for the direct determination of copper 
in bronze or brass. This method was tested on Bureau of Standards sam-
ples No. 37, 52, and 62. The results are given in Table 1. The current effi-
ciency in these separations was somewhat over 60 per cent if sufficient 
stannous ion was added to reduce the copper to the cuprous state prior 
to the electrolysis. The total time involved in a determination depended 
on the size sample taken; using a 0.5 g. sample the determination was 
completed in 40 minutes. 
Procedure. Weigh out accurately into a 300 ml. tall form beaker 0.5-
1.0 g. of sample. Add 10 ml. of concentrated hydrochloric acid, heat, and 
cause the sample to dissolve by the dropwise addition of nitric acid. Avoid 
adding an excess of nitric acid. When the sample has dissolved, wash the 
cover glass and beaker, add 20 ml. of concentrated hydrochloric acid, 4 g. 
of hydroxylammonium chloride, and 0.4 g. of tin as stannous chloride 
(obtained either from crystalline stannous chloride or by dissolving 0.4 g. 
0£ metallic tin in hydrochloric acid; the presence of some stannic tin in 
this stannous chloride does not matter). Dilute the solution to 225-250 ml. 
and electrolyze with a rotating aqode using a limited cathode potential 
of -0.40 v. against a saturated calomel electrode. The current should 
have an initial value of at least 4. amp. so that the initial cathode potential 
has a value of at least -0.25 v. Copper may not deposit for several minutes 
after the electrolysis is started, and the saturated calomel cell may be 
negative to the cathode at the start. Copper will begin to plate when the 
cathode becomes negative to the saturated calomel cell by about 0.2 v. 
Flush out the calomel cell and wash down the walls of the beaker once or 
twice during the electrolysis. Continue the electrolysis until the current 
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has been decreased to about 0.03 amp. Complete the determination in the 
usual manner, removing the electrolyte before turning off the current. 
Wash the deposit of copper with water and then with alcohol, dry at a 
temperature not exceeding 100° for five to ten minutes, and weigh the de-
posit as metallic copper. 
TABLE!. 
DIRECT DETERMINATION OF COPPER IN BRASS 
No DIAPHRAGM; ADDITIONAL TIN; HIGH INITIAL CATHODE VOLTAGE. 
Bureau of Standards Sample 37, Sheet Brass 
Composition: Cu 70.29, Zn 26.89, Sn 1.013, Pb 0.97, Fe 0.29, 
Ni 0.52, Sb not mentioned. 
Found: Cu 70.38, 70.23, 70.25, 70.32 (consecutive 
analyses). 
Bureau of Standards Sample 52, Cast Bronze 
Composition: Cu 88.33, Sn 7.90, Zn 1.89, Pb 1.52, Sb 0.16, 
Ni 0.13, Fe 0.12. 
Found: Cu 88.46, 88.34, 88.35, 88.46, 88.27, 88.45, 88.43, 
88,46, 88.44 (consecutive analyses). 
See following section dealing with interfer-
ence by antimony. 
Bureau of Standards Sample 62, Manganese Bronze 
Composition: Cu 59.07, Zn 35.06, Mn 1.56, Fe 1.13, Al 1.13, 
Sn 0.82, Pb 0.56, Ni 0.64, Si 0.02, Sb not men-
tioned. 
Found: Cu 59.15, 59.03, 59.08, 58.77, 59.08, 59.10, 59.15, 
59.12 (consecutive analyses). 
INTERFERENCE OF ANTIMONY 
In the analysis of Bureau of Standards Sample 52, Cast Bronze, which 
contains 0.16 per cent antimony, the results obtained sometimes were the 
sum of copper and antimony and sometimes the copper alone. Torrance 
(15) implies that the methods should yield the sum of copper and anti-
mony but does not discuss the problem in detail. Fortunately antimony 
is rarely found in commercial bronze or brass but the matter is of some 
interest. 
The electrode potentials of antimony in hydrochloric acid solution 
have not previously been reported. Rough measurements at 25° gave the 
values: 
Sb+++, Sb0 (5 M HCl) 
Sb+++++, Sb+++ (5 M HCl) 
from which by calculation 
Sb+++++, Sb0 (5 M HCl) 
Eo = + 0.13 
E0 = +0.825 
E0 = +0.41 
From these data it is apparent that any quinquivalent antimony pres-
ent should be reduced immediately on electrolyzing and also that trivalent 
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antimony should be completely deposited before the last copper is de-
posited at the limited potential of -0.40 toward the saturated calomel 
electrode. Several reasons may explain the failure of antimony to deposit. 
The antimony may possibly be lost by volatilization during the process of 
dissolving the sample. The potentials determined above may not be sig-
nificant in the one molar hydrochloric acid solution used for the deposi-
tion of copper owing to the formation of antimony! ion, possibly in the 
form of a molecular aggregate or colloidal particle just preliminary to the 
precipitation of antimony! chloride. Again the polarization of antimony 
on copper is quite large, of the order of 0.1 v., and may prevent or delay 
the deposition of antimony on the copper electrode. These factors are 
under investigation. 
SUMMARY 
The electrochemistry involved in the separation of copper from tin 
by deposition with graded cathode potential from a chloride solution con-
taining hydroxylammonium chloride as anodic depolarizer has been 
worked out in detail. The deposition of copper in a chloride solution is a 
two stage process involving as a first step the formation of the stable 
chlorocuprous ion, CuCl3= . Early difficulties with this deposition of cop-
per were shown to be due in part to the anodic reoxidation of the chloro-
cuprous ion and the reaction of the cupric ion so formed with the metallic 
copper deposited on the cathode to dissolve the latter. Four methods of 
circumventing such anodic reoxidation were investigated. The addition 
of stannous chloride was found to aid materially in providing a reducing 
agent which is oxidized at the anode in preference to the chlorocuprous 
ion. A high initial cathode voltage was found effective in that a large por-
tion of the copper reacting at the cathode was reduced directly to the 
metal thus minimizing the amount of cuprous copper formed. Experi-
ments with a porous membrane to separate the cathode and anode were 
not successful and attempts to use a silver-silver chloride anode at which 
the chlorocuprous ion would not be oxidized also failed. A completely 
satisfactory method for separating copper from tin and for the rapid, di-
rect determination of copper in bronze was devised which involves as 
essential features the addition of more tin, the application of a high initial 
cathode voltage, and the presence of a large amount of chloride. Excellent 
results were obtained on various Bureau of Standards Samples. Anti-
mony interferes. 
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